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ST  a 

PREFACE. 


In  writing  the  material  for  this  volume,  which  appeared  serially 
in  The  Horseless  Age  during  1912,  the  author  followed  substan- 
tially the  same  lines  as  in  writing  Volume  I.  An  attempt  is  here 
made  at  a  logical  classification  of  the  various  possible  construc- 
tion of  the  different  parts ;  the  .materials  used  in  the  manufac- 
ture of  the  parts  are  named,  and  rational  formulae  are  deduced 
for  the  necessary  dimensions  of  the  parts,  while  descriptions  of 
individual  constructions  are  avoided  as  much  as  possible.  This 
method  of  treatment  met  with  general  approval  in  the  case  of 
Volume  I,  and  the  author  hopes  that  Volume  II  may  prove 
equally  satisfactory  to  bis  readers. 

In  that  part  of  the  book  dealing  with  the  transmission  of  the 
power  from  the  motor  to  the  rear  wheels,  all  calculations  are 
based  on  the  brake  mean  effective  pressure  of  the  engine ;  that  is, 
the  product  of  the  mean  effective  pressure  on  the  engine  piston 
by  the  mechanical  efficiency.  Strictly  speaking,  this  value  varies 
with  the  compression  ratio,  the  size  and  form  of  the  cylinder, 
and  a  number  of  other  factors,  but  by  assuming  average  condi- 
tions an  average  value  for  this  pressure  can  be  arrived  at  How- 
ever, since  the  necessary  dimensions  of  some  parts  depend  upon 
limiting  permissible  bearing  pressures,  which  in  turn  are  de- 
pendent on  surface  speed,  while  the  necessary  dimensions  of 
other  parts  depend  simply  upon  the  mechanical  stresses  imposed, 
it  was  thought  best  to  use  two  values  for  the  brake  mean 
effective  pressure,  one  corresponding  to  normal  engine  speed 
and  the  other  to  the  speed  of  maximum  torque,  which  is  substan- 
tially the  minimum  speed  of  stable  running.  The  matter  is  here 
referred  to  in  order  to  caution  the  reader  to  pay  particular  atten- 
tion to  what  value  of  the  m.  e.  p.  is  referred  to  in  any  instance, 
whether  its  maximum  value  or  its  value  at  normal  engine  speed. 

It  may  possibly  occur  to  some  that  the  values  assumed  for 
the  m.  e.  p.  are  too  low,  since  most  of  the  figures  published  in 
the  technical  press  in  recent  years  have  been  appreciably  higher. 
It  should  be  remembered,  however,  that  the  values  published  usu- 
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ally  are  those  of  racing  cars  specially  tuned  up.  The  author 
believes  that  the  figures  used  are  substantially  correct  for  a  stock 
motor  with  a  compression  ratio  of  4:1  (which  is  close  to  the 
^average  in  American  practice),  especially  when  it  is  considered- 
that  the  power  consumed  in  driving  such  accessories  as  mag- 
netos, lighting  generators  and  pumps  must  be  allowed  for  exactly 
the  same  as  the  internal  mechanical  losses.  However,  any  possi- 
ble inaccuracy  in  these  figures  does  not  affect  the  dependability  of 
the  equations  for  the  dimensions  of  the  different  parts,  as  the 
constants  in  the  equations  were  calculated  from  the  dimensions 
of  the  particular  parts  in  actual  cars,  and  it  was  assumed  that  the 
m.  e.  p.  in  the  motors  of  these  cars  had  the  values  used  in  this 
volume. 

Readers  will  confer  a  favor  upon  the  author  by  notifying  him 
in  case  they  find  any  misprints  or  other  errors  in  the  book. 
This  also  applies  to  Volume  I. 

P.   M.  Heldt. 

New  York,  February,  1913. 
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CHAPTER  L 


GENERAL  STRUCTURE  OF  THE  CAR. 

Location  of  Motor— In  the  first  attempts  to  build  road 
vehicles  propelled  by  gasoline  motors  the  general  lines  of 
horse  vehicles  were  followed.  The  latter  were  then  regarded 
as  the  highest  type  of  vehicular  design,  and  any  departure 
from  their  lines  was  thought  to  be  undesirable,  as  it  offended 
the  eye.  This  made  it  necessary  to  place  the  power  plant 
under  the  body,  and  considerable  difficulty  was  often  experi- 
enced in  getting  it  into  this  cramped  space.  It  was  thought 
essential  to  conceal  the  mechanical  part  of  the  vehicle  as 
much  as  possibly,  because  what  people  wanted  was  a  self- 
moving  carriage  and  not  a  road  locomotive  or  a  machine  akin 
thereto.  Before  long,  however,  some  bold  spirit  stood  up  for 
the  idea  that  the  power  plant  deserved  such  a  location  on  the 
vehicle  that  it  could  be  designed  without  regard  to  the  space 
available  in  the  body,  and  that  when  it  required  attention  it 
could  be  reached  quickly  and  without  disturbing  the  passen- 
gers. The  precedent  then  set  has  since  been  generally  fol- 
lowed, and  with  very  few  exceptions  the  motor  is  now  located 
at  the  front  of  the  car  under  a  bonnet.  It  is  hardly  neces- 
sary to  add  that  the  public's  conception  of  what  a  motor  ve- 
hicle should  look  like  has  greatly  changed  since  then. 

Spring  Suspension  of  Power  Plant— The  early  automo- 
biles built  in  this  country,  almost  without  exception,  had  reach 
rods  or  perches  extending  between  the  front  and  rear  axles, 
the  object  of  which  was  to  free  the  body  springs  of  the  driv- 
ing thrust.  Some  designers  then  placed  the  power  plant  on 
these  reaches,  so  as  to  simplify  the  problem  of  transmission 
to  the  wheels.  It  was  soon  recognized,  however,  that,  even 
though  pneumatic  tires  were  used,  the  vibration  was  so  strong 
that  it  was  practically  impossible  to  keep  the  motor  intact. 
Moreover,  the  hammering  effect  of  the  heavy  unsprung  weight 
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on  the  axles,  wheels  and  tires  greatly  reduced  the  life  of  these 
parts.  The  principle  was  thus  established  that  as  much  as 
possible  of  the  weight  of  the  car  should  be  supported  on 
springs,  and  above  all  the  more  delicate  parts,  such  as  the 
motor. 

Number  of  Wheels— The  great  majority  of  all  automobiles 
have  four  wheels.  This  is  the  minimum  number  which  in- 
sures stability  under  all  reasonable  conditions.  However, 
cars  have  been  and  are  being  built  with  as  few  as  three  and 
as  many  as  eight  wheels.  The  smaller  number  of  wheels  is 
used  to  reduce  the  manufacturing  cost  of  small  vehicles,  while 
the  larger  numbers,  above  four,  are  used  either  to  keep  the 
load  per  wheel  inside  a  certain  maximum  (as  required  by  the 
road  laws  in  some  countries)  or  to  insure  greater  comfort  of 
riding.  However,  certainly  more  than  99  per  cent,  of  all  auto- 
mobiles (not  including  motorcycles)  are  of  the  four  wheeled 
type,  and  this  construction  may  be  considered  standard. 

Steering  and  Driving— With  the  number  of  wheels  decided 
upon,  the  question  arises  as  to  how  many  and  which  shall  be 
used  for  steering,  and  how  many  and  which  shall  be  used  for 
driving.  With  a  four  wheeled  vehicle  it  is  possible  to  steer 
with  either  the  front  wheels,  the  rear  wheels  or  all  four 
wheels,  and  to  propel  the  venicle  by  either  one  front  wheel, 
one  rear  wheel,  both  front  wheels,  both  rear  wheels  or  all 
four  wheels.  In  this  connection  it  must  be  borne  in  mind 
that  the  effectiveness  of  both  steering  and  driving  depends 
upon  the  adherence — the  resistance  to  slippage — between  the 
wheels  and  the  ground,  which  in  turn  depends  upon  the 
weight  carried  by  the  wheels.  As  far  as  steering  is  con- 
cerned, at  least  two  wheels  have  to  be  used  for  it  in  a  four 
wheeled  vehicle,  and  if  one-third  or  more  of  the  total  load  is 
carried  on  these  wheels,  then  the  requirement  of  positive 
steering  is  met  in  a  satisfactory  degree.  As  regards  the 
choice  between  the  front  and  rear  wheels  for  steering  pur- 
poses, the  front  wheels  possess  one  important  advantage  over 
the  rear  wheels,  and  that  is  that,  if  a  car  stands  alongside 
of  a  curb  or  other  barrier,  and  it  is  desired  to  drive  away 
from  it,  with  rear  steering  this  can  only  be  done  by  back- 
ing up,  because  in  order  to  cause  the  car  to  turn  away  from 
it  in.  driving  forward,  the  steering  wheels  would  have  to  be 
turned  toward  the  curb  and  would  run  into  it.  Rear  steer- 
ing was  used  frr  many  years  on  electric  cabs  in  New  York 
City,    but    the    disadvantage    mentioned    is    greatly    against    it, 
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and  has  been  one  of  the  points  that  led  to  its  abandon- 
ment. The  only  advantage  of  four  wheel  steering  would  be 
that  with  a  certain  maximum  deflection  or  "lock"  of  the 
steering  wheels,  a  car  v/ith  four  wheel  steering  could  turn 
in  a  much  smaller  radius  than  one  with  two  wheel  steering. 
Four  wheel  steering,  however,  would  be  subject  to  the  disad- 
vantage of  rear  wheel  steering  referred  to  in  the  foregoing, 
and  the  further  disadvantage  of  the  complication  involved  in 
combined  driving  and  steering  wheels,  which  more  than  offset 
its  slight  advantage,  and  it  is  therefore  never  used. 

As  regards  the  number  of  driving  wheels,  it  would  greatly 
simplify  the  problem  of  transmitting  the  power  from  the 
motor  to  its  point  of  application  if  only  a  single  wheel  was 
used  for  driving.  The  simplification  which  results  from  this 
arrangement,  as  compared  with  that  in  which  two  wheels  are 
used  for  driving,  is  one  of  the  main  considerations  which  lead 
to  the  selection  of  three  wheeled  construction  in  certain  in- 
stances. However,  in  order  that  a  vehicle  may  have  plenty 
of  traction  or  road  adherence  under  all  conditions,  even  on 
steep  grades  with  greasy  road  surface,  at  least  50  per  cent, 
of  the  total  weight  to  be  propelled  must  be  cavried  on  the 
driving  wheel  or  wheels.  Besides,  in  the  ordinary  four 
wheeled  vehicle,  if  power  was  applied  to  one  wheel — in  other 
words,  at  one  side  only — it  would  tend  to  cause  the  car  to 
slew  or  skid  easily  and  affect  the  steering  unfavorably.  Driv- 
ing through  at  least  two  wheels  is  therefore  considered  essen- 
tial to  successful  operation.  As  to  whether  the  front  or  the 
rear  wheels  should  be  driven,  one  thing  that  is  largely  deter- 
mining in  this  matter  is  that  the  front  wheels  are  used  for 
steering,  and  it  involves  considerable  mechanical  complica- 
tion to  use  the  same  wheels  for  both  driving  and  steering. 
Moreover,  if  the  motor  is  located  at  the  front  end  of  the  car 
it  can  more  easily  be  placed  in  driving  connection  with  the 
rear  wheels  than  with  the  front  wheels.  It  must  be  remem- 
bered that  the  motor  is  carried  upon  a  spring  supported 
frame,  and  therefore  constantly  changes  its  position  with  rela- 
tion to  the  axles;  this  relative  change  in  position  must  be  al- 
lowed for  by  some  form  of  flexible  connection,  and  this  can 
be  done  more  easily  if  the  motor  is  at  a  considerable  distance 
horizontally  from  the  axle  to  which  it  is  connected  in  driv- 
ing relation.  There  are  several  real  advantages  in  front  driv- 
ing. Owing  to  the  fact  that  the  propelling  force  acts  at  a 
tangent   to   the   circumference   of   the    driving   wheels,    if    the 
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front  wheels  are  drivers,  and  they  drop  into  a  mud  puddle, 
for  instance,  they  tend  to  climb  out  of  it,  as  it  were,  while 
with  rear  drive  the  combined  effect  of  the  forward  thrust  of 
the  rear  wheels  and  the  weight  on  the  front  wheels  may  force 
the  latter  deeper  into  the  mud.  Another  advantage  of  front 
driving  is  that  with  it  there  is  much  less  tendency  to  skid 
than  with  rear  driving.  The  problem  of  driving  through  the 
steering  wheels  can,  of  course,  be  solved,  but  it  involves  the 
use  of  two  universal  joints,  preferably  of  a  tjrpe  which  insures 
uniform  transmission  of  motion  irrespective  of  the  angle  be- 
tween the  connected  shafts,  which  must  be  so  placed  that  the 
point  of  intersection  of  the  two  connected  shafts  lies  in  the 
centre  line  of  the  steering  knuckle  pin. 

Four  Wheel  Drive— Driving  on  all  four  wheels  has  been 
employed  to  some  extent,  particularly  on  army  wagons,  which 
may  under  conditions  have  to  travel  off  the  roads.  Four 
wheel  driving  makes  the  whole  weight  of  the  vehicle  and  load 
available  for  traction  purposes,  which  is  an  advantage  when 
the  streets  are  covered  with  ice  or  snow,  or  for  some  other 
reason  are  exceedingly  slippery.  This  system  of  driving 
would  become  more  important  if  steel  tires  should  ever  come 
into  common  use  for  commercial  vehicles,  since  the  adherence 
between  steel  and  the  different  road  surfaces  is  very  much  less 
than  that  between  rubber  and  these  road  surfaces.  Where  rubber 
tires  are  used  sufficient  traction  is  obtained  under  all  normal 
conditions  by  so  arranging  the  design  that  from  one-half  to 
two-thirds  of  the  weight  of  the  car  and  load  is  always  carried 
on  the  driving  wheels,  while  under  abnormal  conditions  such 
traction  devices  as  tire  chains  or  steel  studded  tire  covers  are 
resorted  to. 

Thus,  while  the  front  drive  and  four  wheel  drive  are  being 
exploited  to  some  extent,  at  least  99  per  cent  of  all  automobiles 
built  are  steered  by  their  front  wheels  and  driven  by  their  rear 
wheels. 

Differential  Qear — If  both  driving  wheels  were  positively 
connected  to  the  single  source  of  motive  power,  they  could  not 
rotate  at  unequal  speeds,  as  is  required  in  turning  comers.  If 
the  wheels  had  to  drive  the  car  forward  only,  the  problem 
could  be  solved  by  driving  them  through  ratchet  clutches,  but 
since  they  must  drive  the  car  backward  as  well  as  forward, 
it  is  necessary  to  incorporate  a  so-called  differential  gear  in 
the  drive  through  which  the  driving  torque  is  always  equally 
divided  between  the  two  driving  wheeb,  in  driving  both  for- 
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ward  and  backward,  and  which  allows  the  two  wheels  to  turn 
at  different  speeds  as  required  by  the  course  followed,  or  by 
any  slight  difference  in  their  diameters.  With  the  four  wheel 
drive  it  is  necessary  to  use  three  differential  gears,  one  between 
the  front  and  rear,  axles  and  one  between  the  two  wheels  on 
each  axle. 

Friction  Clutcli — Owing  to  the  fact  that  the  gasoline  motor, 
unlike  steam  and  electric  motors,  does  not  start  from  a  stand- 
still with  full  torque,  but  must  be  started  either  by  means  of  a 
hand  crank  or  some  starting  device  which  generally  produces 
only  sufficient  torque  to  just  turn  the  motor  over  against  the 
compression,  it  is  necessary  to  disconnect  the  motor  from  the 
driving  parts  of  the  vehicle  for  starting  it,  and  after  the  motor 
has  attained  speed,  to  connect  it  to  the  vehicle  again.  For  this 
purpose  a  device  must  be  used  which  will  allow  of  a  certain 
amount  of  slippage,  until  the  motor  speed  has  been  reduced 
and  the  vehicle  speed  increased  to  such  a  point  that  the  two 
correspond.  This  is  accomplished  by  means  of  a  friction  clutch, 
which  is  always  placed  close  to  the  engine  and  generally 
built  together  with  the  flywheel— except  in  those  cars  provided 
with  frictional  means  of  power  transmission,  such  as  belts, 
friction  pulleys  and  friction  discs,  which  latter  devices  serve 
the  dual  purpose  of  changing  the  gear  ratio  between  the  engine 
crankshaft  and  the  road  wheels  and  of  disconnecting  the  former 
from  the  latter. 

diange  Speed  Gear— With  any  but  the*  very  lightest  of 
gasoline  motor  vehicles  it  is  necessary  to  provide  means  for 
connecting  the  motor  to  the  driving  wheels  in  several  different 
ratios.  The  gasoline  motor  differs  from  other  light  motors 
in  that  when  running  at  its  speed  of  maximum  economy  or 
its  speed  of  maximum  output,  it  produces  nearly  the  maximum 
torque  of  which  it  is  capable.  The  motor,  of  course,  must  be  so 
geared  that  under  normal  conditions  of  operation — that  is,  when 
the  car  is  traveling  over  a  level  road  at  a  good  speed — it  runs 
at  about  its  speed  of  maximum  economy,  and  it  is  then  impossible 
for  the  motor  to  provide  the  propelling  effort  required  in  climb- 
ing steep  hills  or  in  passing  through  deep  sand,  through  the  same 
gear  reduction.  It  is,  of  course,  understood  that  when  two 
shafts  or  other  rotating  machine  parts  are  connected  together 
in  driving  relation,  the  torques  of  the  two  bear  to  each  other 
the  inverse  ratio  of  their  respective  speeds.  Thus,  by  pro- 
viding a  hill  climbing  gear  giving  a  speed  reduction,  say,  four 
times  as  great  as  the  normal  speed  reduction,  the  driving  effort 
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at  the  road  wheel  rims  can  be  quadrupled  for  hill  climbing. 
But  since  the  hill  climbing  or  low  gear  gives  a  comparatively 
low  vehicle  speed,  it  is  customary  in  all  but  the  lightest  vehicles 
to  provide  either  one  or  two  intermediate  gears,  for  use  on 
moderate  hills,  on  soft  or  uneven  roads,  etc  The  change  gear 
mechanism,  therefore,  provides  either  three  or  four  forward 
gear  ratios  as  a  general  thing,  and  also  one  reverse  gear  ratio. 
In  this  country  gear  boxes  with  three  forward  speeds  are  con- 
siderably more  common,  while  in  Europe  the  four  speed  gear  is 
the  most  popular,  the  difference  being  no  doubt  due  to  the  fact 
that  we  employ  relatively  more  powerful  motors. 

Single  and  Double   Reduction— There  is  now  a  tendency 
to  use  a  stroke  of  about  5  inches  in  motors  of  all  sizes.    Such 
motors  make  about  1,200  revolutions  when  running  at  normal 
speed  or  at  their  speed  of  maximum  output.    For  pleasure  cars 
it  is  customary  to  use  wheels  of  30  to  36  inches  diameter.    If 
we  assume  that  the  wheels  are  36  inches  in  diameter  and  that 
the  car  is  to  be  geared  to  make  45  miles  per  hour  at  normal 
•^engine  speed,  then  the  wheels  must  turn  at 
45X5.280X12^ 
60X36X3.14 
and  the  gear  reduction  ratio  from  the  engine  to  the  road  wheels 
must  be  1,200  to  420,  or  a  little  less  than  3  to  i.     This  ratio 
can  easily  be  obtained  by  means  of  a  single  reduction  gear  of 
either  the  bevel  gear,  spur  gear  or  chain  and  sprocket  type. 

Now  let  us  take  the  case  of  a  heavy  truck  which  has  wheels 
of,  say,  40  inches  diameter  and  is  to  be  geared  to  make  15 
miles  per  hour  at  1,200  revolutions  per  minute  of  the  motor. 
The  driving  wheels  must  then  turn  at 

15X5.280X12^^      ^^^ 
60X40X3.14 

Hence  the  g^ar  reduction  ratio  must  be  1,200  to  140,  or  8.5  to 
I.  This  cannot  be  obtained  in  a  practical  way  by  a  single  bevel 
or  spur  gear  set  or  a  chain  and  sprocket  gear,  for  the  reason 
that  the  outside  diameter  of  the  driven  gear  or  sprocket  on 
the  rear  wheels  or  axle  is  limited,  since  the  car  must  clear  the 
road  by  a  certain  amount  This  reduction  can  be  obtained  by 
means  of  a  worm  and  worm  wheel,  but  if  either  a  bevel  gear  or 
chain  drive  is  used,  a  double  reduction  is  necessary.  It  is  cus- 
tomary in  such  cases  to  employ  a  first  reduction  by  bevel  gears 
to  a  jackshaft  and  a  second  reduction  by  chain  to  the  rear 
wheels,  although  occasionally  the  two  reductions  are  obtained 
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by  means  of  one  spur  gear  set  and  one  bevel  gear  set,  both  con- 
tained in  a  housing  on  the  rear  axle.  All  pleasure  cars 
employ  a  single  reduction  for  normal  speed  operation,  obtained 
by  either  a  set  of  bevel  gears,  a  chain  and  sprocket  wheels  or 
a  worm  and  worm  wheel.  Commercial  vehicles  of  the  lighter 
type  with  pneumatic  tires  are  geared  the  same,  while  the  heavier 
commercial  vehicles  have  either  a  single  worm  gear  reduction  or 
a  double  reduction  by  bevel  gears  and  chains,  or  by  bevel  gears 
and  spur  gears. 

Dead  and  Live  Axles — ^The  driving  wheels  may  either  be 
mounted  upon  bearings  on  the  rear  axle  and  driven  through 
chains  or  spur  gears,  in  which  case  the  axle  is  called  a  dead  axle, 
or  they  may  be  fixed  upon  the  ends  of  driving  shafts  extending 
through  the  rear  axle  housing,  or  be  placed  in  driving  connec- 
tion with  such  shafts  through  driving  dogs  or  positive  clutches, 
in  which  case  the  axle  is  a  live  axle.  Dead  axles  are  used  on  the 
majority  of  heavy  commercial  cars  and  live  axles  on  nearly  all 
pleasure  cars.  When  a  dead  axle  is  used  the  rear  wheels  are 
driven  from  a  countershaft— except  in  the  very  few  cases  wher^ 
two  motors  are  used — and  the  differential  gear  is  mounted  on 
the  cpuntershaft  With  live  axles  it  is  customary  to  mount  the 
differential  gear  at  or  near  the  middle  of  the  axle,  though  some- 
times it  is  mounted  on  the  propeller  shaft  through  which  the 
power  is  transmitted  to  the  driving  axle.  Live  axles  may  be 
driven  through  a  chain  and  sprockets  or  through  bevel,  worm 
or  spur  gears.  Only  a  single  driving  connection  is  required  in 
the  case  of  a  live  axle,  while  in  the  case  of  a  dead  axle  there 
must  be  provided  an  individual  drive  to  each  of  the  driving 
wheels.  Though  the  chain  drive  is  applicable  to  live  axles,  and.- 
was  at  one  time  extensively  used  on  low  priced  pleasure  cars,  it  is 
now,  as  a  rule,  used  only  in  connection  with  dead  axles,  in 
the  form  of  the  so-called  side  chains.  Nearly  all  live  axles 
are  driven  through  a  set  of  bevel  gears.  ^^ 

Frames— One  of  the  rules  which  have  been  established  in 
automobile  design  is  that  the  vehicle  body  should  be  as  inde- 
pendent as  possible  of  the  mechanical  part,  so  that  it  can  be 
removed  without  disturbing  any  of  the  mechanical  parts.  The 
motor,  transmission  and  control  members  are,  therefore,  carried 
upon  a  substantially  rectangular  frame  made  of  pressed  steel, 
rolled  steel  or  laminated  wood,  which  is  supported  upon  the 
axles  through  the  so-called  body  springs.  The  motor  sets  upon 
this  frame  in  front;  in  the  conventional  type  of  pleasure  car 
chassis  the  motor  space  is  walled  in  by  the  radiator  in  front 
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and  the  dashboard  at  the  rear,  and  the  motor  is  covered  by  a 
sheet  metal  bonnet.  This  same  arrangement  is  also  used  to 
some  extent  in  heavy  commercial  vehicles,  but  for  this  class 
of  vehicles  there  are  two  alternate  arrangements,  viz.,  having 
the  driver's  seat  on  top  of  the  motor  or  at  the  side  of  the  motor. 
In  fact,  there  may  be  said  to  be  still  one  more  alternative,  since 
the  motor  may  be  under  the  seat  proper  or  under  the  footboard 
of  the  driver's  seat.  These  latter  arrangements  make  that  por- 
tion of  the  length  of  the  frame  which  would  otherwise  be  oc- 
cupied by  the  driver's  seat  available  for  loading  space. 

In  the  conventional  type  of  vehicle  the  space  on  the  frame  back 
of  the  dashboard  is  occupied  by  the  body.  It  is  one  of  the 
rules  of  design  that  no  part  of  the  mechanism  back  of  the  dash- 
board, except  the  control  members,  should  project  above  the 
top  plane  of  the  frame.  Formerly  half  elliptic  springs  were 
used  almost  exclusively  and  were  often  placed  directly  under- 
neath the  frame  side  members,  whose  top  edge  was  then  made 
straight  from  end  to  end.  Now,  however,  three-quarter  elliptic 
and  even  full  elliptic  springs  are  widely  used  at  the  rear  on 
pleasure  cars,  and  in  order  to  preserve  a  comparatively  low 
centre  of  gravity,  the  frame  has  a  drop  directly  in  front  of  the 
point  of  attachment  of  the  rear  springs,  or  the  springs,  even  if 
semi-elliptic,  are  placed  outside  the  frame  and  there  is  a  so- 
called  "kick-up"  in  the  frame  directly  over  the  rear  axle,  so  it 
will  not  strike  the  latter  when  the  springs  are  fully  compressed. 
The  frame  side  members  are  generally  swept  in  at  the  front  end 
in  order  to  allow  of  a  greater  limiting  deflection  of  the  steer- 
ing wheels. 

^  The  so-called  reach  or  perch  has  been  entirely  done  away 
with.  The  rear  axle  transmits  its  driving  thrust  to  the  frame 
either  through  radius  rods  or  the  rear  springs  and  the  frame 
transmits  driving  thrust  to  the  front  axle  through  the  springs. 
Tread  and  Wheel  Base— The  distance  between  the  centre 
lines  of  ground  contact  of  the  wheels  on  opposite  sides  is 
known  as  the  track  or  tread.  This  distance  is  generally  56  inches 
in  pleasure  cars  and  the  lighter  commercial  vehicles,  and  62 
inches  in  heavy  trucks,  these  being  the  two  so-called  standard 
treads.  Practically  all  light  horse  vehicles  used  in  the  northern 
part  of  the  country  have  a  track  of  56H  inches,  which  is 
measured  from  and  to  the  outside  of  the  tires  at  the  point  of 
contact  with  the  road,  so  an  automobile  with  the  standard  56  inch 
tread  will  run  in  ruts  made  by  the  wheels  of  horse  vehicles. 
In  the  South  a  tread  of  60  inches  is  much  used  on  horse  vehicles, 
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and  since  many  of  the  roads  there  are  deeply  rutted  a  large 
part  of  the  year,  several  automobile  manufacturers  furnish  their 
cars  with  a  60  inch  tread  to  customers  in  that  part  of  the 
country  who  desire  it 

The  distance  between  Itie  centre  of  road  contact  of  the  front 
and  rear  wheels,  respectively,  is  known  as  the  wheelbase.  This, 
of  course,  is  the  same  as  the  centre  distance  between  the  axes 
of  the  front  and  rear  wheel  spindles.  The  wheelbase  differs 
widely  in  different  types  and  sizes  of  machines.  A  long  wheel- 
base  makes  for  a  more  comfortable  riding  car  and  also  tends 
to  prevent  skiddin^^.  On  the  other  hand,  a  long  car  cannot  be 
handled  so  well  in  crowded  streets,  since  it  cannot  turn  in  such 
a  short  radius.  Besides,  a  long  wheelbase  car  is  necessarily 
comparatively  heavy,  since  the  frame  must  be  made  of  larger 
cross  section  in  order  to  support  the  same  weight,  as  well  as 
be  made  longer.  In  passenger  vehicle  practice  there  is  a  fair 
degree  of  uniformity  with  respect  to  wheelbases,  the  latter  rang- 
ing between  the  following  limits  for  different  types  of  cars. 

Four  cylinder  runabouts  and  roadsters,  30  horse  power  and 
under,  90-105  inches. 

Four  cylinder  runabouts  and  roadsters  over  30  and  not  over 
40  horse  power,  105-115  inches. 

Four  cylinder  taxicabs,  4-5  passengers,  96-100  inches. 

Four  cylinder  touring  cars,  30  horse  power  and  under,  100-115 
inches. 

Four  cylinder  touring  cars  over  30  and  not  over  40  horse 
power,  1 10-120  inches. 

Four  cylinder  touring  cars  over  40  horse  power,  120-130  inches. 

Six  cylinder  cars,  about  10  inches  longer  than  four  cylinder 
ones  of  the  same  class. 
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FRICTION  CLUTCHES. 

The  friction  clutch,  as  already  pointed  out,  serves  the  purpose 
of  connecting  the  motor,  after  it  has  been  started  running,  with 
the  driving  gear  of  the  car,  in  such  a  way  that  the  car  may  be 
gradually  accelerated  and  the  motor  at  the  same  time  pulled  down 
in  speed,  until  the  speeds  of  the  two  correspond,  thus  pre- 
venting shock  and  jar. 

In  motor  cars  employing  a  single  friction  clutch  which  serves 
to  connect  the  engine  to  the  driving  wheels  through  .all  of  the 
different  gear  reductions,  the  clutch  is  normally  hdd  in  engage- 
ment by  a  spring  or  springs,  and  when  it  is  desired  to  discon- 
nect the  engine  in  order  to  stop  the  car,  or  to  change  the  gear, 
the  clutch  is  first  disengaged  by  compressing  its  spring  by  means 
ot  a  pedal,  then  the  gear  is  disengaged  or  changed,  and  finally 
the  clutch  is  let  in  again.  In  other  cars,  where  a  clutch  serves 
for  a  single  gear  reduction  only,  it  is  normally  disengaged,  and 
is  engaged  by  pressure  exerted  on  a  hand  or  foot  lever,  the 
mechanism  transmitting  the  pressure  to  the  frictional  surface  of 
the  clutch  being  self  locking  in  the  engaged  position. 

There  are  quite  a  number  of  different  types  of  clutches,  all 
more  or  less  extensively  used,  viz.: 

Conical  clutches. 

Multiple  disc  clutches. 

Dry  plate  clutches. 

Band  clutches. 

Coil  clutches. 

Expanding  segment  clutches. 

Multiple  disc  and  dry  plate  clutches  are  identical  as  far  as 
their  general  principle  is  concerned,  but  they  differ  in  respect  to 
detail  of  design.  The  relative  popularity  of  the  more  important 
types  may  be  judged  from  the  percentages  of  their  representa- 
tion at  the  1912  New  York  shows: 

12 
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Pleasure  Cars,  Commercial  Cars, 
Per  Cent.  Per  Cent. 

Conical    5«  44 

Disc  and  plate 44  5" 

Expanding   4 

Contracting    i 

The  different  types  will  be  taken  up  in  succession. 

Cone  Clutcli---Conical  clutches  may  again  be  divided  into 
three  sub-classes,  viz.,  the  direct  cone,  the  inverted  cone  and  the 
double  cone  clutch.  The  direct  cone  is  the  oldest  and  most 
popular  of  these  types.  As  shown  in  Fig.  i,  with  this  t>iie  the 
flywheel  is  bored  out  to  form  the  female  cone,  into  which  the 
male  cone  is  forced  by  the  pressure  of  a  coiled  spring  concentric 
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Fig.    I. — Diagram    of    Direct 
Cone  Clutch. 


-Diagram  of  Inverted 
Cone  Clutch. 


with  its  hub.  In  the  inverted  cone  clutch  (Fig.  2)  the  female  cone 
is  formed  by  a  cast  iron  or  steel  ring  bolted  to  the  rim  of  the 
flywheel,  into  which  the  male  cone  enters  from  the  flywheel  or 
engine  end.  The  inverted  type  of  cone  clutch  was  originally 
adopted  in  order  to  make  it  possible  to  place  the  change  gear  box 
nearer  the  engine,  under  the  floor  boards  of  the  driver's  seat, 
since  the  clutch  spring  is  placed  between  the  flywheel  and  the 
clutch  cone,  instead  of  to  the  rear  of  the  latter.  The  double  cone 
clutch  is  a  combination  of  a  direct  and  an  inverted  cone  clutch, 
and  is  particularly  suited  where  great  powers  have  to  be  trans- 
mitted. 
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Clutch  Calculations — In  calculating  any  part  of  the  trans- 
mission we  will  assume  that  the  mean  effective  pressure  in  the 
engine  cylinder  multiplied  by  the  mechanical  efficiency  (i|  ^  )  is  80 
pounds  per  square  inch  at  low  engine  speeds  and  65  pounds  per 
square  inch  at  the  speed  of  maximum  output.    These  figures  are 
representative  of  actual  conditions.    Now  let 
b  =  bore  of  cylinder  in  inches. 
/=  length  of  stroke  in  inches. 
n  =  number  of  cylinders. 
p  -  mean  effective  pressure. 
P  =  mean  total  pressure  on  one  piston. 
T= torque  in  pounds- feet 
Then   the   energy   developed   during   one   revolution   of  the 
crankshaft  is 

^  =  "7  ^  ft*  /  ^  foot-pounds. 

If  there  is  a  torque  T  on  the  engine  shaft,  or  a  turning  effort 
of  T  pounds  at  a  radius  of  i  foot,  the  energy  transmitted  during 
one  revolution  is 

£=2r  Tfoot  founds. 
Hence 


A  diagram  of  a  cone  clutch  is  shown  in  Fig.  3.  The  spring 
pressure  P  forces  the  male  cone  against  the  female  cone,  pro- 
ducing a  normal  pressure  N  at  their  contact  surface.  According 
to  the  principle  of  the  parallelogram  of  forces 

P  _ 

77  "•«««. 

hence 

P  =  Nsin  a (2) 

where  a  is  the  angle  of  the  clutch  cone.  The  adherence  or 
frictional  force  F  between  the  clutch  cones  is  equal  to  the 
normal  pressure  multiplied  by  the  coefficient  of  friction  / 

F^Nf 
Angle  of  Cone—Cone  clutches  faced  with  leather  or  asbestos 
fabric  are  given  an  angle  of  cone  of  from  10  to  13  degrees, 
but  the  most  common  angles  are  12  and  1254  degrees.  With 
metal  to  metal  clutches  an  angle  of  10  degrees  can  be  used 
without  risk  of  trouble,  but  such  a  small  angle  in  a  leather 
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faced  clutch^  is  liable  to  cause  it  to  stick.  From  equation  (2) 
it  will  be  seen  that  the  spring  pressure  P  required  to  produce 
a  certain  normal  pressure  decreases  as  the  angle  of  the  cone 
decreases,  hence  there  is  an  advantage  in  using  as  small  an 
angle  as  practicable.  It  has  been  suggested, to  the  Society  of 
Automobile  Engineers  that  an  angle  of  12^  degrees  be  adopted 
as  a  standard  for  leather  faced  cone  clutches,  but  no  action 
has  yet  been  taken  on  the  proposal. 

Coefficients  of  Friction — ^The  coefficient  of  friction  between 
leather  and  cast  iron^  varies  greatly  according  to  the  condition 
of  the  cast  iron  surface  and  the  state  of  lubrication.  James 
Angelino  in  experiments  made  with  a  piece  of  old  clutch  leather 
found  the  coefficient  of  friction  to  vary  from  /  =  o.i5  to  /=o.3S. 


Fig.  3.— Composition  of  Cone  Clutch  Forces. 
Kent  gives  the  coefficient  of  leather  on  greasy  metals  as  0.23 
In  the  calculations  it,  therefore,  is  the  best  plan  to  figure  on  a 
coefficient  of  friction  of  0.2,  since  the  leather  is  generally 
boiled  in  tallow  or  soaked  in  castor  oil  prior  to  being  applied 
to  the  clutch,  and  hence  is  always  somewhat  greasy.  Cast 
iron  on  cast  iron  cone  clutches,  lubricated,  have  been  used  10 
some  extent,  and  in  their  case  the  friction  coefficient  is  com- 
paratively low,  not  exceeding  0.07,  depending  upon  the  nature 
of  the  lubricant  Asbestos  fabric  is  also  used  to  some  extent 
as  a  facing  for  clutch  cones.  It  possesses  the  advantage  that 
it  is  not  affected  by  high  temperatures.  The  coefficient  of  friction 
is  also  somewhat  greater  than  that  of  leather. 
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16  FRICTION  CLUTCHES. 

Diameter  of  Cone^It  is  desirable  to  make  the  diameter 
of  the  cone  small,  for  the  following  reason:  The  sliding  gears 
or  jaw  clutches  of  the  change  gear  practically  never  run  at  equal 
angular  speeds  just  previous  to  being  engaged,  but  from  the 
moment  they  become  engaged  they  must  run  at  the  same  speed. 
This  means  that  at  the  moment  of  engagement  one  of  the  con- 
nected parts  must  suddenly  change  its  speed,  and  this  results  in 
a  clash  or  hammer  blow  at  the  point  of  engagement.  Now,  one 
of  these  parts  is  mechanically  or  positively  connected  to  the  driv- 
ing wheels  of  the  car,  and  therefore  caiiqot  quickly  change  its 
speed.  The  other  consists  of  the  clutch  cone  and  of  a  train  of 
gears,  and  the  resistance  to  a  change  in  the  speed  of  these  parts 
is  proportional  to  the  sum  of  their  polar  inertias,  of  which  the 
inertia  of  the  clutch  cone  is  by  far  the  greatest  The  inertia  of  a 
revolving  body  is  proportional  to  its  weight,  and  to  the  square 
of  its  radius  of  gyration,  which  latter,  in  the  case  of  a  clutch 
cone,  varies  substantially  as  the  mean  outside  diameter.  Hence, 
the  force  of  the  clash  increaser  and  decreases  substantially  as 
the  square  of  the  mean  outside  diameter  or  radius  of  the  cone. 
On  the  other  hand,  the  radius  must  be  made  large  enough  to 
keep  down  the  unit  normal  pressure  (which  determines  the  wear 
of  the  clutch  facing)  and  of  the  spring  pressure  required  to 
transmit  the  torque  of  the  motor,  since  a  clutch  with  a  very 
stiff  spring  is  "harsh"  and  difficult  to  operate.  As  a  general  rule, 
the  flywheel  would  be  designed  first  and  the  clutch  made  of  a 
corresponding  diameter. 

Unit  Normal  Pressure^In  conical  clutches  lined  with  leather, 
asbestos  fabric  or  similar  material  the  unit  normal  pressure 
generally  ranges  around  12  pounds  per  square  inch.  However,  in 
some  of  the  largest  cone  clutches  it  is  nearly  20  pounds  per  square 
inch,  and  yet  satisfactory  service  is  obtained.  Cone  clutches  are 
used  mainly  for  the  smaller  engines  and  multiple  disc  clutches 
for  larger  powers,  and  if  the  former  are  used  on  engines  of  60 
horse  power  and  over  it  is  necessary  to  employ  large  unit  pres- 
sures, because  the  available  diameter  is  not  much  greater  than 
is  used  in  clutches  for  smaller  powers,  and  unduly  wide  clutch 
faces  are  also  out  of  the  question.  While  the  clutches  work 
satisfactorily  under  the  higher  pressures,  it  is  natural  to  expect 
them  to  wear  out  quicker,  and  wherever  the  space  available  per- 
mits it  is  best  to  keep  the  unit  pressure  down  to  12  pounds.  In 
metal-to-metal  cone  clutches  the  unit  normal  pressure  must  be 
several  times  that  used  with  leather  faced  clutches  in  order  to 
transmit  the  same  power. 
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The  foregoing  figures  are  based  upon  the  normal  pressure  re- 
quired to  hold  the  clutch  from  slipping  when  fully  engaged.  The 
actual  normal  pressures  are  some- 
what greater  because  the  clutch  spring 
must  be  made  stronger  than  required 
to  produce  this  normal  pressure 
under  conditions  of  rest.  Suppose 
that  the  normal  pressure  N  is  just 
insufficient  to  produce  .the  necessary 
driving  torque  and  the  clutch  slips. 
The  normal  pressure  can  only  be  in- 
creased by  forcing  the  cone  further 
into  the  flywheel,  and  this  necessitates 
overcoming  the  resistance  to  motion 
of  the  leather  over  the  cast  iron  sur- 
face in  a  direction  normal  to  that  of 
slippage. 

Referring  to  Fig.  4,  let  N  repre- 
sent the  effective  normal  pressure 
between  the  clutch  friction  surfaces, 
and  P  the  spring  pressure  necessary 
to  produce  this  normal  pressure. 
Let  F  represent  the  frictional  force 
in  the  direction  of  a  generatrix  of 
the  cone;  Pi,  its  component  parallel 
to  the  clutch  axis,  and  0  the  so- 
called  friction  angle  (tan  0  =  O»  then 

P  =  N  sin  a, 

F^N'tan  0, 
and 

Pt  =  F  cos  a  =  iV  tan  0  cos  ». 
The  total  spring  pressure  necessary  to  cause  the  clutch  to  engage 
firmly  without  slipping  is  , 

P,^P-^Pi  =  N  (sin  a-\-cos  a  tan  4>) (3) 

In  applying  this  equation  it  is  permissible  to  use  for  tan  0  a  con- 
siderably smaller  value  than  the  normal  coefficient  of  friction 
between  leather  and  cast  iron.  This  is  due  to  the  fact  that  when 
one  body  moves  frictionally  over  another  in  a  given  direction,  .it 
requires  but  an  insignificant  effort  to  start  it  moving  at  right 
angles  to  its  original  direction  of  motion.  That  is,  the  coeffi- 
cient of  friction  encountered  in  any  given  direction  is  virtually 
reduced  by  motion  in  a  direction  at  right  angles  thereto.  An 
illustration  of  this  principle  is  furnished  by  the  fact  that  when  a 


Fig.  4.— Composition  of 
Clutch  Forces  Dur- 
ing Engagement. 
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mechanic  wants  to  force  a  tight  fitting  collar  over  a  shaft  he 

will  twist  it  angularly  back  and  forth  on  the  shaft,  whereby  the 

effort  required  to  move  it  in  an  axial  direction  is  greatly  reduced. 

We  may  assume  that  the  coefficient  of  friction  in  this  case  is 

one-fourth  of  its  normal  value,  or  0.05.     Hence,  the  general 

equation  for  the  spring  force  required  to  engage  a  leather-faced 

cone  clutch  becomes 

P  =  N  (sin  a  +  0.05  cos  a) (4) 

The  frictional  force  at  the  mean  circunjference  of  the  cone  is 

rx  12 

— founds. 

The  area  of  the  cone  face  is 

2  V  9  m  «/, 

and  since  there  is  to  be  a  normal  pressure  of  12  pounds  per 

square  inch,  the  total  normal  pressure  is 

12  X  2  T  rm^a  =^  24T  rmzu. 

This  multiplied   by  the   friction  coefficient  0.2   gives  the  total 

frictional  force — 

0.2  X  24  V  rm  «/  s=  4.8  V  rm  «/. 

Equating  this  to  the  expression  for  the  frictional  force  found 

above,  we  have 

rxi2 

— =  4.8  Trmtv^ 

and 

""^^:^TTZ^ • <5) 

from  which  equation  the  necessary  width  of  face  may  be  found. 
It  is  also  possible  to  derive  an  equation  for  the  necessary 
spring  pressure  in  terms  of  the  fundamental  clutch  data.    The 
normal  pressure 

AT  =  12  X  2  «•  rm  w  =  24  «•  rm  w. 
Substituting  the  value  of  w,  found  above, 

/       T      \     60  r 

and  substituting  this  value  of  N  in  equation  (4)  we  have 

jP  =  ~~ —  (stn  a  +  0.05  cos  a) (6) 

In  order  to  facilitate  the  determination  of  the  necessary  face 
width  and  spring  pressure,  according  to  equations  (5)  and  (6), 
Chart  I  has  been  drawn.  From  this  chart  can  be  found  the 
low  speed  torque  of  four  and  six  cylinder  motors  of  any  cyl- 
inder dimensions  within  the  usual  range  of  automobile  practice, 
as  well  as  the  necessary  width  of  clutch  face  and  of  the  clutch 
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spring  Presiure   For    Jtx     Cylinder    JYlo/Of^ 
l.^a.    JOO  450  ^00  750  900 


Spring  Pressure    For  Four   Cylinder    Motor 
Lhs     ^00 dOO 400 500 600 


?Q0 


Fact         3'    VWtiih      For        4'  Six   Cyttndtr^      3' 

(^   I ^   I   ' I     I     1 1   I   >  I     i     I '   I   1 1     I 


Fact     Jjf'     Wtdih        ^'p^f  f°*1'^  .^K  ^f**^^'^^_     ^^ 


Chakt  I.— Giving  Low  Speed  Torque  of  Foot  and  Six  Ctlindes 

Motors   and   Width  of  Face   and   Spring   Pressure 

Required  for  a  Leather-faced  Conk  CLxncH 

TO  Transmit  This  T(»qub. 
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20  FRICTION  CLUTCHES. 

spring  pressure  required  with  different  mean  radii  of  clutch  and 
angles  of  cone.  The  method  of  using  the  chart  is  indicated  in 
diagram. 

Constructional  Details— Since  the  inertia  of  the  clutch  must 
be  as  small  as  possible,  the  clutch  cone  is  generally  cast  of 
aluminum,  though  of  late  pressed  steel  clutches  have  come  into 
quite  extensive  use,  mainly  abroad.  In  the  case  of  aluminum 
cones  the  rim  is  generally  made  of  a  mean  thickness  of 
one-quarter  inch,  tapering  from  the  edges  toward  the  joint 
with  the  web,  which  latter  should  preferably  be  at  the  middle 
of  the  rim.  In  order  to  obtain  the  necessary  strength  in  the  web 
with  the  least  amount  of  material  the  latter,  instead  of  being  made 
radial,  is  inclined  considerably  toward  its  axis,  so  the  material  will 
work  partly  under  compression.  The  dimensions  of  the  web  or 
spokes  are  largely  a  matter  of  foundry  limitations.  For  the  smaller 
powers  a  plain  web  is  used,  tapering  from  about  three-sixteenths 
inch  near  the  rim  to  one-quarter  inch  where  it  joins  to  the  steel 
centre, .  which  is  lightened  by  large  holes  being  formed  in  it. 
Some  designers,  however,  prefer  to  leave  the  rim  solid,  as  it 
keeps  out  dust.  When  spokes  are  used  they  are  often  of  cross- 
shaped  section  or  ribbed,  so  as  to  provide  additional  lateral 
strength  in  the  cone  and  also  to  support  the  rim  more  rigidly. 

Clutch  leather  is  generally  treated  before  being  applied  to 
the  clutch  by  being  either  boiled  in  tallow  or  soaked  in  castor 
oil,  the  excess  oil  or  grease  being  removed  by  passing  the  leather 
through  rolls.  The  leather  must  be  cut  to  form  a  sector  of  an 
annular  ring  of  an  inside  radius  o-a  and  an  outside  radius  o-b 
(Fig-  3)-  The  length  of  the  inner  edge  of  the  annular  sector  * 
must  evidently  be  a  «■  f .    Now,  the  radius 

r 
stna 
and  the  circumference  of  a  circle  of  radius  o-a  therefore  is 


sin  a 
Hence  the  angle  ^  to  which  the  leather  should  be  cut  can  be 
found  from  the  proportion 

^^ :  360  decrees  =  2  r  r  :  0 
0  =  sin  a  X  360  degrees. 
Therefore,  in  laying  out  the  pattern  of  the  leather   (Fig.  5), 
strike  two  concentric  circles  of  radii 


and  f^  =3  -^  +  ^ 


stno. 
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where  w  is  the  width  of  the  face  of  the  clutch.  Then  from  the 
annular  ring  thus  formed  cut  out  a  sector  subtending  an  angle 
sin  a  X  360  degrees  at  the  centre. 

Some  designers  form  a  small  radial  flange  on  the  edge  of  the 
rim  at  its  bigger  end  which  will  retain  the  facing,  and  thus  take 
some  of  the  stress  off  the  retaining  means  and  off  th«  facing  it- 
self. When  leather  facing  is  used  it  is  retained  by  means  of 
copper  rivets  whose  heads  are  countersunk  beneath  the  surface 
of  the  leather  and  whose  ends  on  the  inside  of  the  clutch  rim 
are  hammered  over.  Usually  two  rows  of  one-eighth  inch  rivets 
are  used,  spaced  about  an  inch  apart.    After  the  leather  is  riveted 


\       / 

Y 

Fig.  s.— Pattern  for  Clutch  Leatbks. 
to  the  cone  it  is  accurately  turned  off  in  a  lathe.  An  improved 
method  of  holding  the  leather  in  place  consists  in  the  use  of 
six  or  eight  T  bolts,  and  the  provision  of  depressions  in  the  rim 
of  the  cone  parallel  with  generatrices  of  the  latter,  for  the  re- 
ception of  the  heads  of  the  T  bolts.  This  method  of  securing 
the  facing,  which  is  particularly  applicable  to  asbestos  fabric, 
(which  does  not  lend  itself  well  to  riveting)  is  illustrated  in  Fig.  6. 
Provisions  for  Smootli  Engagement— Cone  clutches  have  a 
tendency  to  grip  with  a  jerk,  especially  in  case  the  car  is  oper- 
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Fig.  6.— Clutch  Leather  Fastened  by  T-Bolts. 

ated  by  a  novice  driver  or  the  clutch  operating  linkage  is  such 
that  the  driver  must  exert  a  very  strong  pressure  on  the  clutch 
pedal.  In  order  to  overcome  this  tendency,  which  is  detrimental 
to  the  whole  car,  various  devices  are  resorted  to,  all  based  on 
the  principle  that  a  portion  of  one  of  the  engaging  surfaces  is 
raised  by  spring  force  above  its  normal  height,  and  thus  that 
portion  alone  first  contacts  with  the  opposing  surface.  The  plan 
most  commonly  followed  consists  (Fig.  7)  in  turning  a  shallow 
circumferential  groove  on  the  outside  of  the  aluminum  cone  near 
its  large  end,  in  which  are  placed  a  number  of  equally  spaced 
flat  steel  springs  which  are  fastened  to  the  cone  by  one  rivet 
each,  or  to  a  screw  secured  in  the  rim  of  the  cone.  These  steel 
springs  are  of  such  form  that  they  slightly  lift  the  leather  when 
the  clutch  is  disengaged,  so  that  certain  portions  of  the  leather 
come  in  contact  with  the  flywheel  rim  first.  These  "auxiliary" 
springs  are  fully  extended  when  the  clutch  surfaces  first  engage 
each  other,  and  the  pressure  of  contact  therefore  starts  from 
nothing. 

A  similar  device,  comprising  coiled  instead  of  flat  springs,  is 
illustrated  in  Fig.  8.  It  consists  of  a  small  shell  cast  integral  with 
or  riveted  to  the  clutch  rim  from  the  inside,  which  contains  a 
coiled  spring  and  a  plunger  pressed  outward  thereby.    The  head 


Fia  7.— Flat  Spring  Undo  Clutch  FAcnra 
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Fig.  8.— Spring  Plunger  Under 
Clutch  Facing. 


of  the  plunger,  which  presses  against  the  clutch  facing  from 
underneath,  may  be  either  fillister  shaped  or  in  the  form  of  a 
crossbar  extending  underneath  the  leather  the  entire  width  of 
the  clutch  face. 

Where  either  a  male  or  female  cone  of  steel  is  used  it  is  pos- 
sible to  cut  slits  in  it  length- 
wise and  circumferentially,  as 
shown  in  Fig.  9,  or  at  an 
angle  to  the  edge,  and  then 
bend  the  flaps  so  formed 
slightly  outward  or  inward,  as 
the  case  may  be.  This  prac- 
tice is  or  has  been  followed 
by  Renault,  Cadillac,  Pulhnan 
and  others. 

Cork  inserts  are  used  with 
leather-faced  cone  cluches  by 
a  number  of  manufacturers,  mainly  with  the  object  of  making 
the  engagement  more  gradual.  The  properties  of  these  corks 
will  be  discussed  in  connection  with  plate  clutches,  in  which 
they  are  more  extensively  used.  Corks  used  in  leather-faced 
cone  clutches  vary  in  diameter  from 
five-eighths  to  one  inch  and  cover  from 
S  to  30  per  cent,  of  the  surface  of 
the  cone.  When  the  area  presented 
by  the  corks  does  not  exceed  10  per 
cent,  of  the  total  frictional  area, 
they  do  not  materially  affect  the  co- 
efficient of  friction,  but  some  advan- 
tage is  gained  in  this  respect  when 
from  20  to  JO  per  cent,  of  the  surface 
is  made  up  by  the  corks.  The  fric- 
tion is  then  somewhat  greater  than 
that  between  leather  and  cast  iron, 
and  consequently  the  spring  pressure  can  be  reduced. 

Multiple  Springs — A  few  makers  use  three  clutch  springs 
placed  at  equal  angular  distances  and  about  midway  between  the 
clutch  shaft  and  the  rim.  One  advantage  of  this  arrangement 
is  that  the  clutch  is  more  easily  adjusted,  owing  to  the  greater 
accessibility  of  the  adjusting  means.  A  typical  design  of  this 
kind  is  shown  in  Fig.  10.  A  three  armed  spider  is  placed  on 
the  tailshaft  just  behind  the  web  of  the  flywheel,  whose  arms 
carry  studs  or  spring  bolts   extending  backward  parallel   with 


Fig.  9.— Slotted  Clutch 
Female  Cone. 
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the  tail  shaft,  through 
holes  in  the  web  of  the 
clutch  cone.  The  por- 
tions of  the  three  spring 
bolts  extending  through 
the  clutch  cone  are  sur- 
rounded by  coiled  springs, 
whose  rearward  ends 
bear  against  washers 
supported  by  adjusting 
nuts.  The  spring  thrust 
is  taken  up  on  a  ball 
thrust  bearing  carried  on 
the  tail  shaft.  Construc- 
tions similar  to  the  one 
here  shown  are  used  by 
several  English  manu- 
facturers. 

Clutch  Centre  — The 
clutch  may  be  regarded 
as  composed  of  three 
main  parts,  viz.,  the 
cone  with  its  web  or 
spokes,     the     supporting 

bearing,  and  a  spring  housing  or  hollow  shaft  by  which  the 
power  is  transmitted  to  the  change  gear.  Generally  these 
three  parts  are  made  separate,  though  sometimes  the  cone  is 
formed  integral  with  the  bearing.  The  clutch  bearing  is  oper- 
ating only  when  the  clutch  is  disengaged,  and  evidently  carries 
very  little  load.  It  therefore  may  be  of  relatively  small  diameter 
and  free  fitting.  The  bearing  is  practically  always  a  plain  one, 
and  generally  the  non-fluid  oil  in  the  clutch  spring  housing  is 
depended  upon  for  its  lubrication,  it  being  drilled  with  several 
large  oil  holes  and  cut  with  deep  oil  grooves,  but  some  makers  in 
addition  provide  a  pressure  grease  cup  on  the  outside  of  the 
clutch  which  can  be  screwed  down  at  intervals,  the  grease  being 
forced  through  a  drill  hole  directly  to  the  bearing  surface. 

The  clutch  spring  generally  surrounds  the  bearing,  its  forward 
end  resting  against  a  flange  thereon  and  its  rear  end  against  .1 
ball  thrust  bearing  on  the  end  of  the  tailshaft  or  on  a  cap  screw 
screwed  into  the  end  of  that  shaft.  This  thrust  bearing  works 
only  when  the  clutch  is  disengaged,  whereas  when  it  is  engaged 
both  ends  of  the  spring  press  against  parts  rotating  in  unison 
and  incapable  of  moving  further  apart.     In  other   words,   the 


Fig.  id.— Multiple  Spring  Clutch. 
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spring  pressure  is  then  self-contained.  This  is  contrary  to  con- 
ditions in  the  earlier  cone  clutches,  in  which  the  clutch  spring 
took  purchase  on  a  shoulder  on  the  transmission  shaft,  thus 
creating  end  thrust  in  both  the  transmission  shaft  and  the  crank- 
shaft 

It  is  quite  desirable  to  keep  down  the  length  of  the  tailshaft, 
so  the  change  gear  box  may  be  located  underneath  the  floor 
boards  of  the  driver's  seat,  and  enough  space  should  be  allowed 
between  the  rear  end  of  the  tailshaft  and  the  forward  end  of  the 
transmission  driving  shaft,  so  the  clutch  can  be  removed  from  the 
car  without  removing  either  the  engine  or  the  gear  box.  If  the 
web  of  the  clutch  cone  is  inclined  backward,  for  the  purpose  of 
increasing  its  strength,  the  flange  for  connecting  it  to  the  clutch 
centre  usually  comes  at  a  considerable  distance  from  the  fly- 
wheel flange,  and  it  is  therefore  advantageous  to  make  the  bear- 
ing of  a  form  similar  to  a  cake  mold,  as  shown  in  Fig.  ii,  so  its 
forward  end  will  come  within  a  short  distance  of  the  flywheel, 
making  allowance  only  for  the  wear  of  the  clutch  leather. 

In  designing  the  clutch  centre,  attention  must  be  paid  to  the 
exigencies  of  assembling.  The  clutch  spring  housing  covers  the 
spring  and  extends  beyond  the  end  of  the  tail  shaft,  hence  the 
spring  must  be  put  In  place  and  adjusted  before  the  housing  is 
put  in  place.  Some  makers  bolt  the  web  of  the  cone  and  the 
flange  of  the  bearing  together  by,  say,  three  bolts,  and  pass  three 
intermediate  bolts  through  the  web  of  the  cone  and  the  flanges  of 
both  the  bearing  and  the  clutch  housing.  This  admits  of  assem- 
bling the  cone  with  the  bearing,  then  placing  them  on  the  engine 
tail  shaft,  putting  the  clutch  spring  and  its  retaining  nut  in  place, 
and  finally  bolting  the  clutch  spring  housing  to  the  cone  and 
bearing.  Others  place  the  web  of  the  cone  between  the 
flange  of  the  bearing  and  the  flange  of  the  clutch  spring  housing, 
and  pass  all  of  the  retaining  bolts  through  all  three  connected 
parts.  This  makes  it  necessary  to  assemble  these  parts  after  the 
clutch  spring  is  in  place,  which,  of  course,  can  be  done  only  with 
a  spoked  cone.  Still  other  makers  connect  the  clutch  housing 
with  the  clutch  bearing  by  means  of  radial  bolts  or  set  screws. 

Spriag  Thrust  Bearing— When  the  clutch  is  disengaged  and 
at  rest  its  spring  bears  with  one  end  against  a  rotating  part 
(tailshaft  spring  rest)  and  with  its  other  against  a  stationary 
part,  and  to  prevent  undue  wear  and  friction  under  these  condi- 
tions the  spring  usually  exerts  its  pressure  through  a  ball  thrust 
bearing  at  the  rear  end.  In  fact,  if  no  ball  thrust  bearing  were 
provided,  the  friction  between  the  spring  and  its  support  woulc^ 
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likely  be  great  enough  to  cause  the  clutch  cone  to  keep  on  spin- 
ning. The  ball  thrust  bearing  may  be  passed  over  the  end  of 
the  tailshaft  and  held  in  place  by  means  of  a  castellated  nut,  or 
this  bearing  may  be  supported  by  means  of  a  cap  screw  screwed 
into  the  end  of  the  tail  shaft.  With  either  arrangement  the 
spring  pressure  may  be  adjusted;  with  the  latter  it  can  be  ad- 
justed through  a  considerable  range,  and,  besides,  the  tail  shaft 
will  be  shorter,  so  the  change  gear  can  be  brought  closer  to  the 
engine.  In  any  case  it  is  necessary  to  provide  a  lock  for  the 
adjustment,  and  with  a  cap  screw  carrying  the  ball  thrust 
bearmg  this  lock  usually  assumes  the  form  depicted  in  Fig.  ii. 
Tht  cap  screw  is  drilled  through  its  centre  and  slightly  tapered 
out  and  split  at  its  outwardly  threaded  end,  to  receive  a  small 
screw,  with  a  correspondingly  tapered  head.  By  means  of  this 
inner  screw  and  its  nut  the  split  end  of  the  cap  screw  can  be 
expanded  and  the  screw  thus  securely  locked  in  place. 

Clutch  Springs — The  springs  which  hold  the  clutch  in  engage- 
ment are  generally  helical  or  coiled  springs  made  of  either  round 
or  square  steel  wire.  Formulae  for  the  safe  load  and  the  deflec- 
tion of  round  steel  wire  coiled  springs  were  given  in  Vol.  I  in 
the  chapter  on  Valves  and  Valve  Gear.  The  corresponding 
formulae  for  square  steel  wire  springs  are 

jr«  0.471  ^p- (7) 

/^^  4-7^2 -^d^ (8) 

D  =  mean  diameter  of  coil. 

^  =  maximum  safe  load  in  pounds. 

F  =  compression  of  spring. 

d  =  side  of  cross  section  of  wire. 

n  ~  number  of  coils  in  spring. 

5 -maximum  safe  fibre  stress  of  material. 

JE- torsional  modulus  of  elasticity. 

P  =  load  in  pounds. 
Occasionally,  in  order  to  save  space  in  a  longitudinal  direction, 
so-called  volute  springs,  made  of  flat  metal,  as  shown  in  Fig.  13, 
are  used. 

Pressed  Steel  Cones — Pressed  steel  cones  are  very  attractive 
to  the  designer,  owing  to  their  light  weight  and  their  low  cost 
when  made  in  large  numbers.  Some  trouble  is  said  to  have  been 
encountered  with  these  cones  owing  to  insufficient  rigidity  and 
consequent  shattering,  and  it  has  been  recommended  to  press  the 
cone  with  radial  ribs  to  overcome  this  difficulty.    One  English 
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manufacturer  makes  the  web  of  his  pressed  steel  cone  in  the 
form  of  a  ?onc  of  a  sphere,  evidently  with  the  same  object.  The 
Cadillac  pressed  steel  cone  is  illustrated  in  Fig.  13.  A  recent 
development  in  the  line  of  clutches  is  a  pressed  steel  clutch  with  a 
leather  facing  secured  to  the  driving  cone.  This  should  reduce 
the  moment  of  inertia  of  the  driven  cone  in  such  a  degree  as  to 
eliminate  all  objection  to  the  cone  clutch  on  this  score. 

The  several  designs  of  clutches  here  shown  are  particularly 
simple.  A  great  deal  of  ingenuity  has  been  applied  by  designers 
in  working  out  the  details  of  clutch  centres,  and  much  variety  is 
to  be  found  in  the  designs  extant.  With  cone  clutches  of  the 
inverted  type  it  is  not  easy  to  provide  adjusting  means  for  the 
clutch  spring,  and  none  is  generally  provided. 

Shifting  Collar— To  disengage  a  cone  clutch  the  driven  cone 
must  be  withdrawn  from  the  driving  cone  against  the  pressure  of 
the  clutch  spring.  This  necessitates  a  sliding  connection  between 
the  clutch  pedal  shaft,  which  usually  extends  across  the  vehicle 
frame  directly  above  the  clutch  housing,  and  this  housing.  The 
latter  is  usually  provided  with  a  circumferential  groove,  in  which 
is  located  a  sliding  collar.  If  both  flanges  of  the  groove  are 
integral  with  the  housing,  the  shifting  collar,  of  course,  has  to 
be  made  in  halves  in  order  to  get  it  into  the  groove,  the  halves 
being  bolted  together.  However,  generally  only  one  flange  of 
the  groove  is  integral,  so  the  shifting  collar  can  be  slipped  over 
the  housing  from  one  end. 

When  the  clutch  is  withdrawn  the  entire  pressure  of  the  clutch 
spring  is  taken  up  on  one  face  of  the  shifting  collar,  and  to 
obviate  the  necessity  of  constant  attention  to  the  lubrication  of 
this  collar  a  ball  thrust  bearing  is  generally  placed  in  the  groove 
to  one  side  of  the  shifting  collar,  so  as  to  take  the  thrust  of  the 
spring.  This,  of  course,  necessitates  the  use  of  one  removable 
flange,  in  order  to  get  the  ball  thrust  bearing  into  place. 

A  typical  shifting  collar  design  is  shown  in  Fig.  14.  The 
collar  itself  is  made  of  brass  and  provided  with  two  radial  pins, 
with  which  engage  the  free  ends  of  the  forked  clutch  shifting 
lever.  These  lever  ends  are  formed  with  oblong  holes  for  the 
pins  to  pass  through,  to  make  allowance  for  the  fact  that  they 
move  in  an  arc  of  a  circle,  while  the  shifting  collar  is  constrained 
to  move  in  a  straight  line.  A  grease  cup  is  usually  screwed  into 
either  one  or  both  of  the  shifting  collar  trunnions. 

In  some  cases  the  shifting  collar  is  made  in  the  form  of  a  cir- 
cular disc,  and  the  forked  shifting  lever  is  made  cam-shaped  and 
bears  against  one  face  of  the  disc.    Pressure  has  to  be  transmitted 
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Fig.  i3.~Cadillac  Pressed  Steel  Cone  Clutch. 
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from  the  clutch  pedal  to  the  clutch  housing  in  one  direction  only, 
and  if  the  clutch  shifter  fork  is  held  against  the  shifting  collar 
by  means  of  a  spring  no  groove  for  the  collar  is  necessary. 

Clutch  Brakes — By  lightening  the  cone,  and  especially  by 
reducing  its  diameter,  it  has  been  endeavored  to  reduce  the  shocks 
due  to  clashing  of  the  gears,  but  there  have  also  been  efforts  in 
other  directions  to  insure  the  possibility  of  smooth  meshing.  The 
clashing,  of  course,  is  due  to  unequal  pitch  velocities  of  the  two 


Fig.  14. — Clutch  Shifting  Collar. 

gears  meshed.  If  the  speed  of  one  of  the  gears  can  be  increased 
or  reduced  previous  to  meshing  until  it  corresponds  to  that  of 
the  other,  then  the  gears  can  be  meshed  without  shock  or  jar. 

Suppose  that  a  car  is  ascending  a  hill  and  it  becomes  necessary 
to  change  to  a  lower  gear.  It  is  evident  that  if  the  second  gear, 
say,  is  disengaged,  and  an  attempt  is  made  to  immediately  engage 
the  first  gear,  the  driven  wheel  of  the  latter  will  run  too  fast  or 
the  driving  pinion  too  slow  to  permit  of  easy  meshing.     The 
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driver  has  no  control  over  the  driven  gears,  except  through  the 
use  of  the  car  brake,  and  it  would  be  inadvisable  to  apply  that 
while  ascending  a  hill.  He  therefore  speeds  up  the  pinion  of  the 
first  gear  by  allowing  the  clutch  to  partially  engage.  It  will  be 
understood  that  as  soon  as  the  clutch  is  disengaged  for  the  pur- 
pose of  changing  gear,  the  engine,  freed  of  its  load,  will  speed  up, 
and  if  the  clutch  core  is  then  momentarily  brought  into  contact 
with  the  flywheel  it  will  be  accelerated.  If  the  driver  is  skilled  in 
handling  the  clutch  and  gears,  he  will  be  able  to  shift  the  gears 
when  the  two  to  be  engaged  are  running  at  about  the  same  pitch 
line  velocity. 


Fig.  15.— Alco  Clutch  Brake. 

Now  suppose  that  the  top  of  the  hill  has  been  reached,  and, 
since  the  load  on  the  motor  has  decreased,  the  gear  is  to  be 
changed  up.  The  driven  gear  of  the  pair  to  be  meshed  is  now 
running  too  slowly  and  the  driving  gear  too  fast.  The  latter  can 
only  be  reduced  to  the  proper  speed  by  applying  a  brake  to  the 
clutch.  Many  of  the  larger  cars  are  now  equipped  with  such 
clutch  brakes,  which  act  automatically  when  the  driver  completely 
pulls  out  the  clutch.  One  design  of  such  a  brake  is  shown  in 
Fig.  15.  The  clutch  housing  is  formed  with  a  flange  B,  against 
which  bears  a  fibre  block  A,  carried  on  an  arm  on  the  clutch  pedal 
shaft,  when  the  clutch  pedal  is  fully  depressed.  Another  type  of 
clutch  brake  is  illustrated  in  Fig.   16.     This  is  a  clutch  of  the 
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plate  type,  and  the  power  is  transmitted  from  the  clutch  shaft 
through  a  pinion  and  an  internal  gear,  which  latter  is  formed 
integral  with  a  shaft  coupling  made  in  halves.  This  coupling  is 
provided  with  an  annular  friction  ring  B,  which  when  the  clutch 
is  fully  withdrawn  presses  against  a  corresponding  disc  A,  secured 
to  the  clutch  shifting  ring,  which  latter,  of  course,  does  not  rotate. 
There  is  quite  a  variety  of  designs  of  clutch  )  rakes,  the  under- 
lying principle  of  all  of  them  being  that  a  part  rotating  with  the 
dutch  is  brought  into  contact  with  a  non-rotary  part  when  the 
dutch  pedal  is  fully  depressed,  and  the  friction  engendered 
between  the  two  parts  causes  the  speed  of  the  dutch  to  be 
reduced. 


Fig.  i6. — Thomas  Clutch  Brake. 

Multiple  Disc  Clutches — Disc  and  plate  dutches  are  based 
on  the  same  principle,  but  constitute  in  a  sense  opposite  extremes 
in  design.  A  disc  clutch  consists  of  two  sets  of  annular  discs, 
one  set  of  driving  discs  and  one  set  of  driven  discs.  These  are 
placed  together  in  alternate  order,  each  driving  disc  being  located 
between  two  driven  discs.  As  generally  used  on  automobiles,  the 
driving  discs  are  provided  with  key  slots  on  their  outer  circum- 
ference into  which  fit  keys  on  the  inside  of  a  drum  shaped  hous- 
ing secured  to  the  flywheel,  and  the  driven  discs  are  provided 
with  lugs  or  key  slots  on  their  inner  circumference,  which  place 
them  in  driving  connection  with  a  drum  secured  upon  the  driven 
shaft.    Generally  there  is  one  more  driving  disc  than  there  are 
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driven  discs,  so  that  the  two  end  discs  are  of  the  same  kind.  The 
drum  carrying  the  driven  discs  has  a  radial  flange  at  one  end 
which  forms  a  stop  for  the  discs  in  respect  to  axial  motion,  and 
against  the  disc  at  the  other  end  presses  a  compressing  spider  or 
presser,  against  which  the  clutch  spring  exerts  its  pressure. 

Types  off  Disc  Clutches — Multiple  disc  clutches  operating  in 
oil  are  of  three  different  types  of  design,  the  differences  depend- 
ing upon  the  manner  in  which  the  pressure  of  the  clutch  spring  is 
transmitted  to  the  flange  or  back  stop  of  the  discs  on  the  clutch 
drum.    Some  of  these  clutches  employ  three  clutch  springs,  the 


Fig.  17.— Multiple  Spring  Type  of  Disc  Clutch. 


same  as  some  cone  clutches,  and  a  design  of  this  type  is  shown 
in  the  sketch  Fig.  17.  An  outer  drum  A  is  secured  to  the  flywheel 
and  is  provided  with  a  number  of  equally  spaced  keys  on  its 
inner  circumference.  With  these  keys  engage  the  driving  discs, 
which  are  shown  sectioned.  Between  adjacent  dr^iving  discs  are 
located  the  driven  discs,  shown  in  black.  The  latter  are  carried 
on  the  inner  drum  B,  which  is  provided  with  keyways  for  the 
lugs  formed  on  the  inner  circumference  of  the  driven  discs. 
From  the  web  of  the  clutch  drum  B  extend  three  lateral  spring 
bolts  which  carry  the  clutch  springs  C  pressing  against  the  disc 
compressing  spider  D.  Drum  B  is  keyed  to  clutch  shaft  £,  which 
is  connected  with  the  driving  shaft  of  the  change  gear,  and  the 
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disc  compressing  spider  D  is  provided  with  a  hub  surround- 
ing shaft  E  and  a  groove  for  the  clutch  releasing  collar,  or  merely 
a  flange. 

A  multiple  disc  clutch  with  a  single  clutch  spring  surrounding 
the  clutch  shaft  is  illustrated  in  Fig.  i8.  The  arrangement  of 
the  outer  drum,  driving  and  driven  discs  and  inner  drum  is  the 
same  as  in  Fig.  17.  In  this  case  one  end  of  the  clutch  spring 
bears  against  an  inward  flange  on  the  hub  of  the  disc  cojnpres- 
sing  spider  D,  and  the  other  against  a  collar  on  the  clutch  shaft 
E.  The  latter  has  the  inner  drum  B  securely  keyed  to  it  and 
held  against  endwise  motion  by  a  nut.     Hence,  the  pressure  of 


imjJMMTtrir 


^ 


^3cr 


Fig.  18.— Spring  Pressure  Transmitted  Through  Shaft 

the  clutch  spring  is  transmitted  to  the  forward  end  plate  or  stop 
P  of  the  discs  through  the  clutch  shaft  E  and  the  clutch  drum  B. 

In  Fig.  19  is  shown  a  design  of  multiple  disc  clutch  in  which 
the  spring  pressure  is  transmitted  to  the  stop  P  of  the  discs 
through  the  clutch  housing  A.  The  most  forward  disc  bears 
against  a  stop  ring  P  secured  to  the  flywheel  and  against  the  rear- 
most disc  presses  the  compression  plate  D  in  the  usual  way.  This 
disc  or  spider  D  is  acted  upon  by  the  coil  spring  C  which  rests 
against  the  flange  of  the  casing  A.  Figs.  17,  18  and  19  are 
sketches  only,  not  showing  all  of  the  necessary  details  of  these 
clutches. 

The  spring  forces  the  separate  discs  together  and  causes  the 
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driven  discs  to  rotate  in  unison  with  the  driving  discs,  provided 
the  resistance  to  the  motion  of  the  driven  discs  is  not  greater  than 
the  adherence  between  the  driving  and  driven  discs.  It  will  read- 
ily be  seen  that  the  pressure  betwen  any  two  discs  is  equal  to 
the  pressure  of  the  spring,  and  the  adherence  or  resistance  to 
slipping  at  any  contact  surface  is  equflil  to  the  product  of  the 
spring  pressure  by  the  coefficient  of  friction.  But  if  there  is  slip- 
page on  one  contact  surface  there  must  be  slippage  on  all  of  them, 
and  s^ce  the  pressure  on  any  contact  surface  is  the  same  as  on 
any  other,  the  total  resistance  to  slippage  is  equal  to  the  prod- 
uct of  the  resistance  to  slippage  at  one  surface  by  the  num- 
ber of  contact  surfaces,  which  latter  is  equal  to  one  less  than 


,  Fig.  19. — Spring  Pressure  Transmitted  Through  Case. 

the  number  of  discs.  In  a  multiple  disc  clutch  the  frictional  sur- 
face can  be  made  much  greater  than  in  a  cone  clutch,  and  the 
frictional  force  per  unit  surface  can  be  made  smaller. 

Calculation  of  Disc  Clutches — In  Fig.  20  is  shown  one 
disc  of  a  multiple  disc  or  plate  clutch.  In  this  figure  dr  is  the 
width  of  an  extremely  narrow  annular  ring  of  radius  r.  Sup- 
pose that  the  unit  pressure  on  the  surface  of  this  disc  is  p  pounds 
per  square  inch.    The  area  of  the  annular  ring  of  width  dr  is 

and  the  normal  pressure  on  it  is 
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This  causes  a  frictional  force 

2  IT  rdrff^ 
where  /  is  the  coefficient  of  friction,  and  a  torque 

•  12  6 

Now,  in  order  to  find  the  torque  which  the  friction  over  the  en- 
tire surface  of  the  disc  will  produce  we  have  to  integrate  the 
above  expression  between  the  limits  ro  (outside  radius)  -and  n 
(inside  radius) 


Fig.  20. 


r© 


(9) 


J  ri      "  6 

Equation  (9)  is  useful  in  the  case  of  clutches  whose  discs  have 
a  very  small  inside  radius.  In  the  original  type  of  this  clutch  the 
discs  were  often  mounted  directly  upon  the  driven  shaft,  and  the 
inside  radius  of  the  clutch  disc  was  less  than  one-quarter  the 
outside  radius.  However,  in  modern  automobile  clutches  the 
insic'e  radius  is  generally  more  than  three- fourths  the  outside 
radius,  and  the  so-called  discs  are  really  in  the  form  of  narrow 
annular  rings.    There  are  two  main  reasons  for  making  the  ele- 
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ments  of  the  clutch  ring-shaped  rather  than  disc-shaped.  The 
first  is  that  the  wear  of  the  disc  increases  with  the  distance  from 
the  centre  of  rotation,  owing  to  the  fact  that  the  speed  of  slippage 
increases  with  the  distance  from  the  axis.  Hence,  if  there  is  a 
great  proportional  difference  between  the  outside  and  inside  radii, 
the  rates  of  wear  near  the  inner  and  outer  edges  will  be  greatly 
different.  The  result  will  be  that  as  the  outer  portion  of  the  disc 
becomes  thinner  than  the  inner  portion,  the  pressure  over  its  sur- 
face will  become  unevenly  distributed,  the  unit  pressure  being 
greater  near  the  inner  edge  than  near  the  outer  edge,  and  conse- 
quently the  dutch  will  transmit  less  power  than  origin^ly  with 
the  same  spring  pressure. 

The  other  reason  is  that  the  resistance  to  lateral  motion  of 
the  discs  depends  directly  upon  the  pressure  between  the  driven 
discs  and  their  keys  or  keyway  walls,  which  is  less  the  greater 
the  inner  radius  of  the  discs.  When  the  clutch  is  disengaged  the 
discs  are  not  positively  pulled  apart,  but  are  supposed  to  be  either 
jarred  apart  by  the  vibration  or  to  be  forced  apart  by  auxiliary 
springs,  and  especially  in  the  former  case  is  it  desirable  that  the 
resistance  to  their  lateral  motion  be  as  little  as  possible,  as  there 
is  then  less  danger  of  dragging. 

In  the  case  of  dutch  discs  or  rings  whose  inner  radius  is  more 
than  two-thirds  of  the  outer  radius  it  is  permissible  to  consider 
the  engaging  pressure  (and  hence  the  frictional  force)  concen- 
trated at  a  distance  from  the  axis  of  rotation  equal  to  the  arith- 
metical mean  between  the  outer  and  inner  radii  (rm  ) .  The  fric- 
tional force  at  any  contact  surface  then  is  P  /,  the  aggregate  fric- 
tion force  (n  —  i)  Pf,  and  the  moment  of  the  frictional  force  or 
torque. 

7-^^(»-i)/'/ '. do) 

In  any  given  problem  of  design  the  torque  to  be  transmitted 
is  a  fixed  quantity,  but  the  limiting  torque  of  the  clutch  is  the 
product  of  four  variables,  viz.,  the  mean  radius  of  the  discs,  the 
number  of  contact  surfaces,  the  spring  pressure  and  the  friction 
coefficient  Since  these  factors  are  independently  variable,  it  is 
not  surprising  that  practice  in  disc  clutch  design  is  not  in  the 
least  uniform.  The  tendency  is  rather  toward  small  mean  radii 
and  a  very  considerable  number  of  discs,  since  the  inertia 
increases  as  the  square  of  the  radius  and  directly  as  the  number 
of  discs,  whereas  the  capacity  of  the  clutch  increases  directly  with 
both  the  radius  and  the  number  of  discs.    The  coefficient  of  f  ric- 
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tion,  of  course,  can  be  changed  only  by  changing  the  material  of 
the  discs  or  the  lubricant. 

Material  of  Discs — In  the  type  of  disc  clutch  which  has 
been  used  the  longest  in  automobile  practice,  both  sets  of  discs 
are  metallic  and  run  in  oil.  The  discs  are  generally  made  from 
saw  steel,  about  tW  inch  thick,  stamped  rings  of  any  desired 
diameter,  with  driving  lugs  or  key  slots,  as  desired,  being  fur- 
nished by  several  saw  steel  manufacturers.  Some  manufacturers 
believe  that  steel  on  bronze  gives  better  wear  and  make  one  set 
of  the  discs  of  the  latter  material.  Saw  steel  is  a  very  suitable 
material,  being  hardened  and  more  uniform  in  thickness  than 
ordinary  sheet  steel.  Sheet  copper  is  also  used  together  with 
sheet  steel.  Whatever  material  is  used,  the  greatest  care  must 
be  exercised  to  get  the  thickness  as  nearly  uniform  as  possible 
and  to  give  the  surfaces  a  smooth  finish. 

Laws  of  Friction — ^The  coefficient  of  friction  between  metals 
with  lubrication  varies  widely  according  to  conditions.  Some  of 
the  laws  of  friction  which  have  a  bearing  on  the  value  of  the 
coefficient  of  friction  in  disc  clutches  may  be  stated  as  follows: 
The  coefficient  of  friction  between  two  metallic  surfaces  separated 
by  a  film  of  lubricant  is  much  greater  when  the  surfaces  are  at 
rest  relative  to  each  other  than  when  there  is  sliding  motion 
between  them.  The  friction  does  not  depend  so  much  upon  the 
material  of  the  discs  as  upon  the  lubricant.  When  the  discs  are 
stationary  the  coefficient  of  friction  increases  with  the  specific 
pressure.  On  the  contrary,  when  there  is  sliding  motion  between 
the  surfaces  the  coefficient  of  friction  decreases  as  the  specific 
pressure  increases  (up  to  a  certain  limit  which,  however,  is  far 
beyond  the  pressure  used  in  disc  clutches).  The  coefficient  of 
friction  also  varies  with  the  speed ;  it  seems  to  be  a  minimum  at 
100  to  150  feet  per  minute,  increasing  as  the  speed  is  increased  or 
diminished,  and  approaching  the  static  friction  coefficient  at  very 
low  speeds. 

From  the  above  it  will  be  seen  that  it  is  difficult  to  assign  a 
definite  value  to  the  coefficient  of  friction  /  for  use  in  the  calcu- 
lation of  friction  clutches.  However,  the  author  believes  it  to  be 
on  the  safe  side  to  use  a  coefficient  f  =  o.04  for  steel  on  steel, 
phosphor  bronze  or  copper  with  lubrication. 

Disc  Clutch  Data — Denoting  the  mean  radius  of  the  discs 
by  rm  and  the  number  of  f rictional  surfaces  by  n t ,  the  equation 
for  the  limiting  torque  of  a  disc  clutch  may  be  written 
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r  =  «.  rm  -P/. 
Now,  even  if  the  material  of  the  discs  is  settled,  so  that  /  is  a 
fixed  quantity,  there  remain  three  independent  variables,  and 
the  desired  torque,  therefore,  can  be  obtained  in  many  different 
ways.  In  this  connection  it  is  to  be  remembered  that  if  we 
increase  the  mean  radius  rm  we  increase  the  inertia  of  the 
clutch,  even  if  we  correspondingly  decrease  the  number  of  discs 
so  as  to  retain  the  same  limiting  torque.  On  the  other  hand,  if 
we  increase  either  the  number  of  discs  or  the  spring  pressure  we 
increase  the  work  which  must  be  done  by  the  operator  in  disen- 
gaging the  clutch,  because  the  spring  must  be  compressed  an 
amount  proportional  to  the  number  of  discs,  in  order  that  there 
may  be  sufficient  clearance  between  adjacent  discs,  and  the  work 
done  in  compressing  the  spring  is  measured  by  the  product  of  the 
clutch  spring  pressure  by  the  distance  of  the  compres- 
sion of  the  spring  during  the  process  of  declutching.  The 
foot  has  only  a  small  range  of  comfortable  motion,  and  the 
pressure  which  can  be  exerted  by  it  is  also  limited.  It  is  evident 
that  the  product  Phm  is  a  measure  of  the  work  to  be  done  in  dis- 
engaging a  clutch,  and  it  has  be^  found  that  this  product  should 
not  exceed  12,000  if  clutch  operation  is  not  to  be  irksome.  The 
friction  force  per  unit  of  contact  surface  varies  from  0.6  pound 
per  square  "inch  to  2  pounds,  the  average  value  being  i  pound. 
In  clutches  of  this  type  ( metal-to-metal -in-oil)  the  average  ratio 
of  the  inside  to  the  outside  radius  is  five-sixths. 

If  we  made  /Vit  =  12,000  for  all  clutches,  then  the  small  clutch 
would  be  as  hard  to  operate  as  a  large  one,  which  is  not  exactly 
desirable.  Besides,  the  mean  radius  rm  would  increase  in  direct 
proportion  to  the  torque  to  be  transmitted;  it  should  increase 
with  the  torque,  but  not  in  direct  proportion.  It  may  well  increase 
as  the  square  root  of  the  torque,  and  the  following  equation  gives 
a  good  value: 

r    -^^ 
rm  — 

3-4 

We   may   therefore    recapitulate    the    rules    for   multiple    disc 

clutch  design  as  follows: 

•—  =}  «»  average  fra^ttce. 

Friction  force  =  i  pound  per  square  inch. 
Coefficient  of  friction  /  =  o.04. 
The  area  of  one  friction  surface  is 

«■  (ro*  —  n*)  square  inches, 
»nd   the   frictional   force   between   adjacent  discs,   expressed   in 
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ponnds,  is  the  same, 
radius  of  the  discs  is 


The  total   fricdonal  force  at  the  mean 


hence  the  number  of  friction  surfaces  required  is 

r» 12  r 

and  the  number  of  discs  required 

12  7- 

i+i 


(II) 


(12) 


'•~«-r«(ro*-»i») 
The  spring  force  required  is 
^(ro'-ri') 

^         0.04         ' 

Both  of  the  above  equations  can  be  materially  simplified  if  the 
ratio  of  the  inner  to  the  outer  radius  is  fixed. 

For  m=  />= 

21.2  7'.  , 


^  =  A 


n 

n 
ro 

ro 
n 

n 
r© 
n 
r© 


ro- 

i9i3L7' 
ro- 
174  T 


+  1 


ro= 

136  r 


+  1 
+  1 


ro' 
11.8  T 


+  1 


+  1 


ro- 
10  7- 


i6.5ro« 
i8.-4ro* 
20.8  ro 
24.  ro* 
28.3  ro* 
34-3^0* 


If  we  assume  an  inner  radius  equal  to  five-sixths  the  outer 
radius  and  substitute  in  the  equations  the  value  of  the  torque 
of  a  four  cylinder,  4x5  inch  motor  we  find  that  the  mean  radius 
of  the  discs  should  be  3.4  inches,  the  outer  radius  371  inches — 
say  3.75  inches — and  the  inner  radius  3.12  inches — say  3^  inches. 
The  number  of  discs  figures  out  to  35  and  the  spring  pressure  to 
337  pounds.    An  uneven  number  of  discs  is  generally  employed. 

When  the  spring  exerts  its  pressure  through  the  clutch  shaft 
or  through  spring  bolts  secured  into  the  web  or  spokes  of  the 
inner  drum,  it  is  well  to  have  one  more  driven  disc,  whereas  when 
the  spring  exerts  its  pressure  through  the  clutch  housing  it  is  best 
to  have  one  more  driving  disc    In  either  of  these  cases  if  the 
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Torqu%    in    Pounds^Ftti 

Chabt  II.— Giving  Number  of  Discs  and  Spring  Pressure  Re- 
quired  IN    MULTIFLE-DlSC-IN-OlL    ClUTCHBS. 
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clutch  is  slipping  there  will  be  no  relative  rotary  motion  between 
the  two  parts  against  which  the  clutch  spring  bears,  hence  no  ball 
thrust  bearing  will  be  required  to  take  up  the  thrust  of  the  spring. 

Number  of  discs  and  spring  pressures  required  in  metal-to- 
metal  multiple  disc  clutches  can  be  readily  found  from  Chart  II, 
after  the  torque  of  the  motor  has  been  obtained  from  Chart  I. 
Chart  II  is  based  on  a  unit  frictional  force  of  i  pound  per  square 
inch  and  a  coefficient  of  friction  of  0.04.  If  a  very  light  clutch 
is  desired  the  number  of  discs  found  from  the  chart  can  be  re- 
duced, and  the  spring  pressure  found  increased  in  proportion. 

Methods  of  Releasing  Discs — In  order  to  insure  positive 
separation  of  the  discs  when  the  spring  pressure  is  removed,  and 
thus  prevent  dragging  of  the  clutch,  it  is  necessary  to  provide 


Fig.  21.— Methods  of  Separating  Discs. 

alternate  discs  with  tongues  sprung  to  one  side,  as  shown  in  Fig. 
21  at  At  or  some  similar  means.  Two  such  tongues  on  each 
driving  disc,  one  opposite  the  other,  are  sufficient.  An  alternate 
method  of  insuring  positive  separation  is  illustrated  in  the  same 
figure  at  B,  and  consists  in  providing  the  driving  discs  with 
radial  lugs  on  the  outside  circumference  into  which  are  riveted 
buttons  whose  heads  are  slightly  thicker  than  the  driven  discs,  so 
that  the  lugs  are  slightly  sprung  when  the  discs  are  forced  to- 
gether by  the  clutch  spring.  The  driving  discs  may  be  provided 
with  four  lugs,  at  quarters,  and  rivets  inserted  into  two  of  these 
lugs,  located  oppositely.  The  discs  may  then  be  assembled  in 
such  a  manner  that  the  riveted  lugs  of  adjacent  driving  discs  are 
at  quarters.  Where  separating  springs  of  this  kind  are  used, 
the  clutch  spring  must  be  made  sufficiently  strong  to  overcome 
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the  force  of  these  springs  and  still  give  enough  frictional  force 
between  the  discs. 

Constructional  Details — Multiple  disc  clutches,  the  same  as 
other  types,  are  generally  combined  with  the  flywheel,  but  occa- 
sionally they  are  enclosed  in  a  special  compartment  of  the  change 
gear  case,  which  can  be  done  without  difficulty,  since  these 
clutches  can  be  made  of  a  relatively  small  diameter.  When  thus 
enclosed  in  the  gear  box  or  when  used  in  a  unit  power  plant, 
there  is  no  need  to  specially  enclose  the  clutch.  But  in  other 
cases  an  oil-tight  housing  must  be  provided.  This  housing  is 
sometimes  made  of  one-eighth  inch  pressed  steel  in  a  single 
piece,  with  a  radial  flange  at  its  open  end  for  bolting  to  the 
flywheel  web  and  a  hub  portion  either  formed  integral  or  riveted 


Fig.  22. — Methods  of  Driving  Discs. 

to  it  which  takes  the  adjusting  bushing  for  the  spring  if  the 
spring  pressure  is  transmitted  through  the  housing,  and  forms 
an  oil-tight  joint  with  the  hub  of  the  disc  compressing  spider. 
This  housing  may  also  be  made  of  two  castings — a  cylindrical 
shell  and  an  end  plate.  Some  designers  even  provide  a  stuffing 
box  in  the  hub  of  the  clutch  housing  to  insure  oil  tightness. 

If  the  clutch  has  no  special  housing  it  may  be  driven  from  the 
flywheel  by  radially  extending  driving  pins  secured  into  the  web 
of  the  latter  (A,  Fig.  22).  If  a  hou'^ing  is  used  the  driving  is 
done  either  through  keys  riveted  to  the  cylindrical  shell  (S,  Fig. 
22),  or  through  bolts  which  hold  both  the  shell  and  the  end  plate 
to  the  flywheel  (C,  Fig.  22).    The  key  slots  on  the  outside  of  the 
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driving  discs  are  cut  either  in  the  .full  ring,  or  the  rings  are 
formed  with  driving  lugs  which  have  key  slots  or  driving  pin 
holes  cut  in  them.  The  latter  form  of  construction  leads  to  a 
saving  in  weight,  but  necessitates  a  somewhat  more  expensive 
die  for  stamping  out  the  discs.  In  any  case,  there  must  be  a 
liberal  clearance  between  the  inner  surface  of  the  driving  keys 
and  the  outer  edge  of  the  driven  discs  and  between  the  inner 
edge  of  the  driving  discs  and  the  surface  of  the  inner  drum  so 
there  will  be  no  dragging  owing  to  contact  at  these  surfaces  after 
slight  wear. 

Practice  as  to  the  number  of  driving  pins  or  keys  and  driving 
lugs  on  the  driven  discs  varies  greatly.  Some  designers  pro- 
vide as  many  as  ten  or  twelve 
large  size  keys,  which  seems 
to  be  more  than  necessary. 
The  number  and  size  of 
keys  do  not  affect  the 
freedom  of  lateral  motion 
of  the  discs,  but,  of  course 
affect  the  wear  of  keys  and 
key  slots,  but  clutches  with 
only  three  one-half  inch 
driving  pins  with  an  aggre- 
gate maximum  pressure  of 
three  hundred  pounds  on 
them  are  known  to  give 
good  results. 

It  is  generally  considered 
that  one-hundredth  of  an 
inch  is  the  minimum  clear- 
ance between  discs  which 
will  insure  freedom  from 
dragging,  and  in  the  de- 
sign of  the  housing  and 
the  inner  drum  allowance 
must    be    made    for    end 

motion  of  at  least   —  inch.     In  practice  the  allowance  made 

zoo 
varies  from  i/ioo  to  1/64  inch  per  friction  surface.     However, 
one  well  known  manufacturer  of  multiple  disc  clutches  allows 
only  from  1/125  to  1/175  inch. 

The  inner  drum  or  the  shaft  to  which  it  is  secured  is  usually 
supported  upon  or  in  a  radial  ball  bearing.    The  reason  for  the 


Fig.  23. — Inner  Drum. 
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use  of  a  ball  bearing  at  this  point  is  that  the  bearing,  if  plain, 
would  be  hard  to  lubricate  effectively  except  through  the  engine 
tailshaft,  and,  besides,  the  friction  of  this  bearing  tends  to  pro- 
duce dragging,  and  the  tendency  to  drag  is  already  the  weak 
point  of  the  multiple  disc  dutch.  Usually  the  radial  bearing  is 
carried  upon  a  short  tailshaft,  and  its  outer  race  is  forced  into  a 
counterbore  in  the  drum,  but  in  some  constructions  the  bearing 
is  carried  upon  the  end  of  the  clutch  shaft  and  its  outer  race 
rests  in  the  bore  of  the  flywheel  web.  The  drum  (Fig.  23)  is 
preferably  made  of  a  steel  or  malleable  iron  casting  and  milled 
with  from  four  to  twelve  key  slots  in  which  engage  the  key  lugs 
formed  on  the  driven  discs.  The  end  plate  which  forms  the  stop 
for  the  discs  is  made  separate  from  the  drum  and  is  secured  to 
its  rim  by  machine  screws,  or  else  passed  over  the  drum  against 
a  small  flange  turned  thereon. 

The  rim  of  the  drum  should  be  made  sufficiently  longer  than 
the  combined  thickness  of  the  discs  to  allow  the  latter  to  separate 
completely  without  passing  beyond  the  rear  edge  of  the  rim. 


Fig.  24.— Skeleton  Form  Inner  Drum  and  Presser. 
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Owing  to  the  fact  that  the  rim  of  the  compressing  spider  must 
^move  over  the  rim  of  the  inner  drum  for  a  considerable  distance, 
while  at  the  same  time  the  web  of  this  spider  must  be  quite 
close  to  the  web  of  the  inner  drum,  so  the  clutch  spring  will  not 
extend  too  far  to  the  rear  of  the  clutch  proper,  this  compression 
spider  usually  has  a  rather  awkward  form  and  is  quite  heavy. 
This  difficulty  can  be  overcome  by  making  the  inner  drum  in 
skeleton  form,  as  shown  in  Fig.  24,  cutting  away  its  rim  between 
those  portions  where  the  keyways  are,  and  making  the  compres- 
sion spider  spoked,  the  spokes  entering  between  the  lateral  projec- 
tions of  the  inner  drum  rim.  Besides  reducing  the  weight  of  the 
driven  part  of  the  clutch,  this  construction  allows  of  a  more 
compact  housing. 

Hele-Shaw  Clutch — ^A  special  type  of  multiple  disc  clutch 
which  is  extensively  used  both  in  this  country  and  abroad  is  the 
Hele-Shaw,  which  consists  of  alternate  discs  of  steel  and  phos- 
phor bronze  with  V-groove  corrugations  whose  walls  form  an 
angle  of  35  degrees.  Only  the  walls  of  the  V-grooves  come  in 
frictional  contact,  and  the  remaining  parts  of  the  discs  merely 
serve  to  help  radiate  the  heat  engendered  during  slippage.  Oil 
holes  are  drilled  through  the  inner  walls  of  the  grooves  near 
^he  peak,  so  the  oil  can  enter  and  escape  freely.  It  is  obvious 
that  in  this  clutch  there  is  a  sort  of  wedge  action^  the  same  as 


Fia  25.— Hele-Shaw  Clutch. 
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Fig.  26.— Clutch  Springs  Inside  Shaft. 

in  a  cone  clutch,  and  much  less  spring  pressure  is  required  to 
produce  a  certain  amount  of  frictional  force  than  with  a  fiat  disc 
clutch  of  the  same  number  of  discs  and  the  same  mean  diameter. 
On  the  other  hand,  the  discs  have  to  be  moved  laterally  consid- 
erably farther  to  obtain  the  proper  clearance  between  them,  and 
the  number  of  discs  that  can  be  used  is  therefore  more  limited. 
The  Hele-Shaw  clutch  shown  in  Fig.  25  is  provided  with  a  clutch 
brake,  as  are  most  large  size  disc  and  plate  clutches. 

Springs  Inside  of  Shaft— Generally  the  clutch  spring  sur- 
rounds the  clutch  shaft,  as  shown  in  Figs.  17,  18  and  19,  but  some 
designers  prefer  to  place  it  inside  the  clutch  shaft  or  the  en- 
gine tailshaft.  Two  such  designs  are  shown  in  Fig.  26.  In  the 
first  of  these  (Panhard)  the  spring  acts  through  a  plug  and  a 
key  which  extends  through  a  long  diametral  slot  in  the  sliaft, 
against  the  clutch  compressing  spider.  In  the  second  (Hudson 
"33")  the  clutch  spring  is  located  inside  the  rear  bearing  of  the 
crankshaft  and  presses  through  a  steel  washer,  a  collar  on  the 
clutch  shaft,  a  ball  thrust  bearing  and  a  screw  collar  against  the 
hub  of  the  inside  clutch  drum.  It  should  be  explained  that  in 
this  clutch  the  usual  order  of  things  is  reversed,  the  inner  drum 
being  moved  in  an  axial  direction  in  order  to  disengage  the 
clutch,  thus  serving  as  "presser." 
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Lubrication  of  Discs — The  surfaces  of  the  discs  should  be 
covered  with  lubricant  when  there  is  slippage,  but  it  is  also  de- 
sirable that  all  or  at  least  most  of  the  lubricant  be  squeezed  out 
from  between  them  when  the  full  pressure  of  the  spring  is  ap- 
plied, since  the  clutch  will  hold  the  better  the  less  lubricant  there 
is  on  the  discs.  In  order  to  insure  these  conditions,  some  manu- 
facturers provide  the  discs  with  radial  slots  extending  over  half 
their  width,  as  shown  in 
Fig.  27,  through  which 
the  oil  may  escape  when 
the  discs  are  pressed  to- 
gether. 

Whereas  the  weak  point 
of  the  ordinary  cone 
clutch  is  its  great  inertia, 
that  of  the  multiple  disc- 

in-oil  clutch  is  its  tendency  to  drag  if  the  oil  in  the  clutch 
housing  is  not  suitable  for  the  purpose,  or  if  too  much  is  intro- 
duced. Most  makers  recommend  a  mixture  of  machine  oil  or 
gas  engine  oil  with  kerosene.  It  is  obvious  that  the  thinner  the 
lubricant  the  beiter  the  clutch  will  hold,  while  the  more  viscous 
the  lubricant  the  more  gradually  it  will  pick  up  its  load. 

Dry  Plate  Clutches— In  order  to  overcome  the  dragging  evil 
the  dry  plate  clutch  was  introduced.    In  this  one  set  of  plates 


Fig.  27.— Clutch  Discs 
With  Oil  Slots. 


Fig.  28.— Premier  Cork  Insert  Clutch. 
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is  either  faced  with  asbestos  fabric  on  both  sides  or  else  pro- 
vided with  cork  inserts.  Both  of  these  materials  when  in  contact 
with  steel  have  a  much  greater  friction  coefficient  than  steel  or 
bronze  on  steeL  Cork  on  steel  is  claimed  to  have  a  friction  co- 
efficient of  about  0.34  when  not  lubricated.  The  cork,  of  course, 
is  quite  compressible.  It  is  customary  to  make  the  plugs  of  such 
size  that  when  free  they  project  about  tW  inch  above  the  sur- 
face of  the  metal  plate.  Hence  when  the  discs  are  forced  together 
the  contact  is  at  first  between  metal  and  cork  only,  and  owing 
to  the  compressibility  of  the  cork  the  engagement  is  very  smooth. 
However,  when  the  full  pressure  of  the  spring  is  applied  to  the 
friction  surfaces  the  corks  are  compressed  flush  with  the  plate 
surface,  and  one  of  the  surfaces  is  then  part  metal  and  part  cork. 
This,  of  course,  will  reduce  the  effective  friction  coefficient  some- 
what, depending  upon  the  relative  area  of  the  corks  and  of  the 
metal  and  upon  the  compression  of  the  cork  at  the  moment  metal 
to  metal  contact  is  established.  As  a  rule,  the  cork  covers  from 
25  to  50  per  cent,  of  the  total  area  of  the  discs,  though  there  are 
pctreme  cases  in  which  either  more  or  less  than  the  above  range 
is  covered. 

The  majority  of  disc  clutches  with  cork  inserts  are  of  the  three 
plate  type,  the  middle  plate  containing  the  corks,  though  occa- 
sionally cork  inserts  are  also  used  in  multiple  disc  clutches.  More- 
over, it  is  not  necessary  to  run  the  cork  insert  clutches  dry. 
Lubrication  will  reduce  wear  of  the  corks,  but,  of  course,  it  will 
also  reduce  the  friction  coefficient  A  typical  cork  insert  clutch 
is  illustrated  in  Fig.  28. 

Asbestos  fabric  is  also  used  for  facing  clutch  discs.  This  is  a 
fabric  composed  very  largely  of  asbestos  fibre  and  containing 
some  brass  wire  and  cotton,  which  latter  give  the  necessary 
tenacity,  while  the  asbestos  is  used  on  account  of  its  good  fric- 
tional  qualities  and  its  resistance  to  heat.  The  asbestos  fabric  is 
secured  to  the  metal  discs  by  means  of  rivets  passing  through  the 
metal  and  asbestos  on  opposite  sides  of  it.  The  frictional  force 
in  asbestos-faced  disc  clutches  varies  from  less  than  one  pound 
to  about  four  pounds  per  square  inch.  With  lower  friction  per 
unit  surface  the  life  of  the  clutch  will,  of  course,  be  greater. 
The  friction  coefficient  of  asbestos  fabric  on  steel  seems  to  be 
about  the  same  as  that  of  leather,  viz.,  0.2 ;  at  any  rate  it  would  be 
safe  to  use  this  figure,  and  for  ordinary  purposes  a  normal  pres- 
sure of  10  pounds  per  square  inch  will  give  satisfactory  results. 
This  gives  a  frictional  force  of  two  pounds  per  square  inch,  and 
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the  formulas  for  number  of  discs  and  spring  pressure  required 
become 

"  "  ir  rm  (ro*  —  ri^) ^^^^ 

and 

^=iOT(ro'-n') (14) 

From  the  data  at  hand  it  seems  that  these  same  equations  are 
applicable  to  cork  insert  clutches  in  which  the  spring  acts 
on  the  discs  directly  and  in  which  the  corks  cover  from  25  to  50 
per  cent,  of  the  total  surface. 

It  may  here  be  pointed  out  that  a  clutch  for  a  vehicle  in  which 
the  gear  has  to  be  changed  frequently  and  the  clutch  therefore 
slipped  a  great  deal  should  logically  be  designed  with  a  somewhat 
lower  unit  friction  force  than  a  clutch  for  a  high  powered  touring 
car,  for  instance,  the  speed  of  which  can  be  largely  controlled  by 
the  throttle.  A  lower  unit  frictional  force  will  result  in  less 
wear  and  less  heating. 

Three  Plate  Clutches — Another  method  of  obviating  the 
dragging  tendency  of  disc  clutches  is  to  use  only  three  discs  oc 
plates,  without  lubricant  These  discs  are  made  of  cast  iron 
and  bronze,  or  of  cast  iron  and  steel.  Since  there  are  only 
two  friction  surfaces,  for  moderately  high  powers  it  is  necessary 
to  use  rather  large  discs  and  to  multiply  the  pressure  of  the  clutch 
spring  by  levers  or  toggle  mechanisms.  Fig.  29  shows  a  typical 
design  of  this  kind  in  which  the  spring  pressure  is  multiplied  by  a 
toggle  mechanism.  One  of  the  three  discs  is  a  driving  disc,  and 
the  other  two  are  driven  discs.  The  driving  disc  is  driven  from 
the  flywheel  through  keys  riveted  to  the  inside  of  the  flywheel 
rim.  One  of  the  driven  discs,  the  one  nearest  the  flywheel,  is 
secured  to  the  clutch  shaft  and  is  provided  with  four  sets  of 
laterally  extending  lugs  on  which  bell  cranks  are  fulcrumed.  One 
arm  of  these  bell  cranks  connects  through  a  link  with  a  sliding 
sleeve  on  the  clutch  shaft  on  which  the  clutch  spring  acts.  The 
other  arm  of  the  bell  crank  is  provided  with  a  set  screw,  the 
point  of  which  presses  against  the  rearmost  driven  disc.  This 
latter  disc  is  provided  with  driving  lugs  which  enter  between  the 
lugs  on  the  other  disc  serving  as  a  fulcrum  for  the  bell  crank. 
The  set  screws  permit  of  making  adjustment  for  wear  of  the 
discs.  Separation  of  the  discs  is  effected  by  means  of  small  coiled 
springs  inserted  into  drill  holes  in  one  of  the  driven  discs  and 
pressing  against  the  other  driven  disc. 

The  multiplying  factor  of  the  toggle  mechanism  attains  the 
infinite  as  the  toggles  assume  a  radial  position.    In  practice,  of 
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Fig.  29. — Three  Plate  Toggle  Type  Clutch. 

course,  the  set  screws  must  be  so  adjusted  that  this  cannot  hap- 
pen»  as  the  toggle  links  would  pass  by  the  radial  position  and  the 
clutch  would  disengage  again.  If  the  links  make  a  small  angle  0 
with  a  radial  line  then  the  multiplying  factor  is  equal  to  co- 
tangent 0.  This  may  be  readily  seen  by  reference  to  Fig.  30,  in 
which  A  B  represents  a  link  of  the  toggle.  Let  P  be  the  pres- 
sure of  the  spring  and  N  the  radial  pressure  exerted  on  the  bell 
crank  arm.  Now  let  point  B  be  moved  the  slightest  distance 
under  the  force  of  the  spring  P,  so  that  the  angle  B  A  C 
(0)  decreases  to  0  —  </0.    Now  we  have 

C  B  =  A  B  sin  * 

A  C=^A  B  cos  4> 
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When  0  decreases  to  0  —  </  0, 
A  B  sin  ^  decreases  by  A  B 
cos  0  rf  0  and  A  B  cos  0  in- 
creases by  A  B  sin^  d  0.  But 
the  product  of  the  force  into 
the  distance  through  which  it 
works  represents  the  work 
done,  and  this  must  be  the 
same  at  both  points  A  and  B. 
Hence, 

PXABcos4^di»^ 
NXABstni^di^ 


and 


P  '' 


'  sin  0 


=  cot^ 


Fig.  30. 


A  plate  clutch  in  which  the 
spring  pressure  is  multiplied 
by  double  armed  levers  is  illustrated  in  Fig.  31.  In  this  clutch  there 
are  two  driving  discs,  one  being  constituted  by  the  web  of  the 
flywheel,  and  one  driven  disc.  The  free  driving  disc  is  driven 
from  the  flywheel  through  a  stud  bolt  passing  through  the  fly- 
wheel web  and  an  annular  flange  bolted  to  the  flywheel  rim.  The 
stud  bolt  is  provided  with  a  collar  against  which  the  short  arm 
of  the  double  armed  lever  takes  purchase.  This  lever  is  fulcrumed 
on  lugs  cast  integral  with  the  free  driving  plate,  and  its  long 
arm  extends  radially  inward  and  is  pressed  against  by  the  sliding 
sleeve  which  contains  the  clutch  spring  and  is  formed  with  the 
groove  or  flange  for  the  shipping  collar. 

Band  Clutches — Band  clutches  are  of  two  kinds,  viz.,  con- 
tracting and  expanding.  A  contracting  band  clutch  consists  of 
a  drum  and  a  metal  band  surrounding  it,  which  may  be  lined 
with  friction  material.  One  end  of  the  band  is  flxed  to  a  spider 
or  housing  carried  upon  one  of  the  connected  shafts,  and  the 
other  end  can  be  displaced  angularly  with  relation  to  the  flrst 
so  as  to  contract  the  band  into  frictional  contact  with  the  drum. 
Contracting  band  clutches  are  of  three  different  types.  The 
first  of  these,  shown  in  Fig.  32,  comprises  two  bands  of  which 
each  extends  substantially  half  way  around  the  circumference 
of  the  clutch  drum.  The  bands  are  generally  made  from  thin 
strip  steel,  and  lined  with  leather.  One  end  of  each  band  is 
hinged  to  one  arm  of  a  two  armed  spider  secured  to  the  driven 
shaft  or  clutch  shaft,  and  the  other  end  to  the  short  arm  of 
a  double  armed  lever  fulcrumed  on  the  arm  of  the  spider,  the 
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Fig.  31. — Plate  Clutch,  Lever  Type. 

inwardly  extending  arm  of  the  lever  being  adapted  to  be  moved 
outward  from  the  clutch  axis  by  a  sliding  cone  or  wedge  under 
the  pressure  of  the  clutch  spring.  When  the  levers  are  thus 
moved  around  their  fulcra  the  bands  are  drawn  tight  on  the 
clutch  drum,  and  driving  connection  is  established. 

A  similar  design  of  clutch  in  which  a  single  band  extends  all 
the  way  around  the  drum  is  shown  in  Fig.  33.  The  band  is 
contracted  by  means  of  a  toggle  lever  and  bell  crank  mechanisnt 
A  double  armed  lever  operated  by  a  sliding  cone  or  wedge^  the 
same  as  shown  in  Fig.  32,  may  also  be  used.  Since  there  are  but 
one  operating  lever  and  one  supporting  bracket  a  balance  weight 
clutch  band  is  anchored. 
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Fig.  34  shows  the  Mercedes  coil  clutch,  which  may  also  be 
regarded  as  a  form  of  band  clutch.  The  band  in  this  case  con- 
sists of  a  coil  of  steel,  one  end  of  which  is  anchored  to  the  hous- 
ing of  the  clutch  and  the  other  end  of  which  is  attached  to  one 
arm  of  a  double  armed  lever  whose  fulcrum  support  is  in  the 
end  wall  of  the  housing.  The  long  arm  of  this  lever  is  acted 
upon  by  a  sliding  cone  against  which  the  clutch  spring  presses. 
When  the  sliding  cone  is  forced  under  the  lever  arm  the  steel 
coil  is  contracted  upon  the  clutch  drum  and  grips  the  latter.    The 


34.— Mercedes  Coil  Clutch. 

housing  is  formed  integral  with  the  flywheel  and  the  drum  is  se- 
cured to  the  clutch  shaft  This  clutch  is  entirely  enclosed  and 
runs  in  oil 

Theory  of  Band  Cltttch— In  Fig.  35  is  shown  a  sketch 
of  a  band  clutch  in  which  d9  represents  a  small  arc  of  con- 
tact of  the  band  on  the  drum  and  9  the  angle  or  arc  of  contact 
between  this  section  d9  and  the  point  of  contact  between  band 
and  drum  nearest  to  the  free  end  of  the  band.  At  the  free  end 
a  pull  Pi  is  exerted  on  the  band.    Owing  to  the  friction  between 
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the  band  and  drum  the  pull  on  the  band  varies  from  point  to  point 

of  its  length.    Let  the  pull  at  one  side  of  the  differential  section 

d^  he  represented  by  P  and  that  on  the  other  side  by  P^dP, 

as  indicated  in  the  sketch*    Also  let  the  normal  pressure  between 

the  band  and  drum  on  the  section  d^ht  represented  by  N  and  the 

f rictional  force  resulting  therefrom  by  /  N,    When  the  system  is 

in  equilibrium  the  forces  in  any  direction  are  equal  to  zero. 

Hence,  taking  the  forces  in  the  horizontal  plane, 

dB  dB 

(P+  dp)  cos  —  —fN—  Pcos  —  =  ^ 

But  the  cosine  of  an  infinitely  sisall  angle  is  equal  to  unity, 

hence 

dP-^fN   (15) 


.  i<N 


Fig.  35. — Diagram  of  Band  Clutch. 
Now,  taking  the  forces  in  the  vertical  plane, 

dB  dB 

N—{P+dP)sin—  —Pstn—  =  0 

and  since  the  sine  of  an  infinitely  small  angle  is  equal  to  the 
arc,  we  may  write 

dB         dB 
J\r-(P+dP)~'-P—  =  0 

dB 
JV=PdB-{-dP  — 

The    term    dP    —  ,  a  differential  expression  of  the  second 

2 

order,  may  be  neglected,  and  we  may  write 

N==PdB 
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or 

P=Te <'« 

Dividing  equation  (15)  by  equation  (16)  we  get 

Now  the  integral  of  a  differentia]  expression  of  the  form   — 

X 

is  log  ;r  (the  Naperian  logarithm,  whose  base  is  271828.    Hence 
log  P^f  e^c 

log  P^fO-^log  c (17) 

Remehibering  that  in  all  logarithmic  systems  the  logarithm 
of  the  base  is  i,  we  may  write 

loge*^  ^f9  X  I  =/^ 
Inserting  this  value  of  f9  in  equation  (17)  we  have 

log  P  =  log  ^B  +  log  c 
and  taking  antilogs — 

P=Ci^^ (18) 

To  find  the  value  of  the  constant  c  we  make  9  equal  to  zero, 
in  which  case  P  equals  the  initial  pull  Px  applied  to  the  free 
end  of  the  band. 

/»,  =  ^<ro. 

But  any  term  with  the  exponent  zero  is  equal  to  unity,  hence 

and  inserting  this  value  in  equation  (18)  we  have 

./'  =  A^^ (19) 

This  latter  equation  gives  the  pull  on  the  band  at  any  angle  9 
from  the  point  of  contact  between  band  and  drum  nearest  the 
point  of  application  of  the  initial  pull.  The  total  frictional  force 
F  between  the  band  and  drum  is  equal  to  the  difference  be- 
tween the  initial  pull  and  the  pull  at  the  point  of  contact  between 
band  and  drum  farthest  from  the  point  of  application  of.  the 
initial  pull — 

F=P^e'e—  p^=-  F^  («*«—  i) 
and 

/-.  =  -/-•• .• <«o) 

In  using  this  equation  the  arc  ^  must  be  expressed  in  radians, 
Values  of  the  expression  e*^ —  i  for  various  values  of  /  •  may  be 
found  from  Fig.  36. 
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Fig.  36. — Curve  Giving  Ratio  Between  Frictional  Force  and 
Pull  on  Band. 
Sample  Calculation— Now  let  it  be  required  to  design  a  band 
clutch  for  a  four  cylinder  ^x^  inch  motor,  which,  as  we  have 
seen,  develops  a  torque  of  153  pounds-feet  Suppose  we  choose 
a  drum  12  inches  in  diameter,  then  the  frictional  force  required 
at  the  surface  of  the  drum  is 

133  X  I2__, 

Let  the  band  be  made  of  steel  and  lined  with  leather,  so  we 
can  figure  on  a  coefficient  of  friction  /  =  o.2.  In  the  case  of  a 
clutch  comprising  a  band  extending  all  around  the  drum  the  arc 
of  contact  will  be  about  5.5  radians,  and  in  the  case  of  a  clutch 
with  two  bands,  each  extending  half  way  around  the  drum,  the 
arc  of  contact  of  each  will  be  about  2.5  radians.  These  figures 
arc  approximate  and  the  correct  arcs  of  contact  would  have  to 
be  determined  from  the  drawings. 

Let  us  take  the  case  of  a  single  band  brake.    Inserting  values 
in  equation   (20)  we  have 


:  266  ^unds. 
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266 

^i  =  2.718  («•«**•*)— I  ^  '33 pounds. 
This  is  the  pull  which  must  be  exerted  on  the  free  end  of  the 
band.    The  pull  of  the  fixed  end  on  its  anchorage  is  equal  to  the 
pull  on  the  free  end  plus  the  friction, 

133  +  266  =  399  pounds, 
and  the  band  and  its  anchorage  must  be  designed  sufficiently 
strong  to  withstand  this  stress. 

If  the  band  is  of  uniform  width  the  normal  pressure  at  its 
contact  surface  varies  from  end  to  end,  being  least  near  the  free 
end  and  most  near  the  fixed  end.  From  equation  (16)  it  will  be 
seen  that  N  varies  directly  as  the  pull  P  on  the  band.  We  know 
that  the  frictional  force  F  =  2i66  pounds,  and  since  the  coefficient 
of  friction  is  0.2,  the  aggregate  normal  pressure  is 

266 

—  =  1,330  pounds 

Also,  if  we  allow  an  average  unit  pressure  of  18  pounds  per 
square  inch,  then  the  frictional  area  required  is    • 

1,330  .    - 

g    =  74  square  tnchest 

and  since  the  drum  has  a  diameter  of  12  inches,  and  consequently 
a  circumference  of  57.68  inches,  it  would  have  a  width  of 

^^y^  =  2  inches  (appr,) 

The  normal  pressure,  as  already  stated,  will  not  be  uniform  but 
greater  near  the  fixed  end  than  near  the  free  end  in  the  propor- 
tion of  399  :  133  or  3  to  I.  Hence  the  lining  will  wear  faster 
near  the  fixed  end. 

Effect  of  Centrifugal  Force— At  high  speeds,  like  those  em- 
ployed in  automobile  clutches,  the  centrifugal  force  on  the  band 
has  quite  an  effect  on  the  friction  between  the  band  and  the  drum, 
and  this  is  the  cause  of  the  chief  difference  between  a  contracting 
band  clutch  and  an  expanding  band  clutch.  The  above  analysis 
with  respect  to  the  frictional  force  between  band  and  drum 
at  low  speeds  applies  equally  to  both  types  of  band  clutches,  but 
the  centrifugal  force  tends  to  expand  the  band,  and  hence  to 
decrease  the  frictional  force  of  a  contracting  dutch,  and  to  in- 
crease the  frictional  force  of  an  expanding  clutch. 

Let  w  be  the  weight  of  a  section  of  the  band  i  inch  in  length. 

Then  the  weight  of  an  element  d9  oi  the  band  \swrd9  and  th* 

centrifugal  force  on  this  element  (see  equation  31,  Vol.  i)  is 

»  r 
1 .226  (w  r  dB)  n  -^=  o.  102  w  n*  r^  dO, 
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where  w  is  the  speed  in  revolutions  per  second  and  r  the  radius 
in  inches.  This  force,  which  we  will  denote  by  Fc  d  B  (F«  being  the 
centrifugal  force  on  a  section  of  the  band  equal  to  one  radian), 
in  a  contracting  clutch  acts  in  the  same  direction  as  force  N. 
Hence  we  may  write  the  equation  of  the  forces  in  the  vertical 
plane — 

PdB^N-^F.de 
Transposing  and  contracting, 

(P  —  Fc)de=^N, 
and 

But  since  Fe  is  constant, 

•     d(P''Fc)=dP  =  fN  (equation   15). 
Hence 

dJP-Fc) 
P-Fc    -^^^ 
Integrating  both  sides  of  the  equation, 

log  (P  — Fc)  =/  e-\-C  =  f  «+   log  a 
and  taking  antilogs  — 

I>-Fc  =  ae*^ 
In  order  to  determine  the  constant  for  this  case,  let  0=o,  then 
P  =  Pi,  and 

Px  —  Fc  =  a. 
hence 

and 

F=P^Pi  =  (Pi  —  Fc)^^+Fc  —  Pi 
Multiplying  out, 

=  Pi(^'^-i)-Po(/^-i) 
Transposing 

and  dividing  by  the  coefficient  of  Pi, 

^.=t77£7)  +  ^' ; • ("> 

Comparing  equation  (21)  with  equation  (20)  we  Sfit  that  the 
effect  of  the  centrifugal  force  on  the  band  of  a  contracting  clutch 
is  to  mcrease  the  required  pull  on  the  free  end  of  the  band  by  an 
amount  equal  to  the  centrifugal  force  on  a  section  of  the  band 
one  radian  in  length.  This  might  have  been  expected,  since  the 
total  centrifugal  force  on  the  band  is  ^vP^*  stnd  if  the  band 
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moves  radially  outward  under  this  force  a  distance  x,  then  t!i«. 
free  end  of  the  band  will  be  moved  a  distance  2'tfX,  Hence  the 
motion  of  the  free  end  is  2ir  times  greater  than  the  radial  mo- 
tion, and  the  force  in  the  direction  of  motion  of  the  free  end 
2  7r  times  smaller  than  the  radial  (centrifugal)  force. 

Equation  (21)  is  applicable  to  contracting  band  clutches  at  all 
speeds.  A  similar  analysis  may  be  applied  to  expanding  band 
clutches,  and  the  resulting  equation  for  the  initial  pull  required 
is  the  same  as  (21),  except  that  the  sign  of  the  term  F«  is 
reversed,  the  centrifugal  force  in  this  case  adding  to  the  normal 
pressure,  instead  of  subtracting  from  it.  Therefore,  tor  expand- 
ing clutches — 

^^'=7J~L  -^^ ^"^ 

Returning  to  the  examples  of  a  band  clutch  for  a  motor  devel- 
oping a  torque  of  133  pounds-feet,  let  the  band  weigh  0.1  pound 
per  inch  of  length;  then 

Fc  =  o.  102  X  o. I  X  20'  X  6'  =^  i^f  pounds 
the  initial  pull  becomes 

266     . 
/*,  =     _    +  147  =  2%o  pounds, 

and  the  pull  at  the  anchorage  of  the  band  is 
280  +  266  =  546  pounds. 
Expanding  Band  Clutches — Expanding  band  clutches  of  the 
type  shown  in  Fig.  37  require  comparatively  little  pressure 
to  hold  them  in  engagement  at  high  speed,  since  the  centrifugal 
force  on  the  band  presses  it  against  the  inside  of  the  clutch 
drum.  The  advantage  of  this  fact  is  doubtful,  however,  since 
the  greate&t  torque  is  produced  by  the  motor — and,  conse- 
quently, the  greatest  frictional  force  required  of  the  clutch — 
at  low  motor  speed.  If  in  this  type  of  clutch  the  spring 
were  to  act  against  a  sliding  cone,  which  through  a  connecting 
linkage  acted  on  the  free  end  of  the  band,  the  latter  at  high 
speed  would  not  be  released  from  the  drum  when  the  sliding 
cone  was  withdrawn,  owing  to  the  fact  that  the  centrifugal 
force  on  the  band  would  then  produce  the  necessary  fric- 
tional force  between  band  and  cone  to  hold  the  load.  Conse- 
quently, the  operating  mechanism  must  be  so  arranged  that 
when  the  sliding  sleeve  is  moved  by  pressing  on  the  clutch 
pedal  the  band  is  positively  released  from  the  drum.  The 
band  is  made  of  band  steel,  faced  with  leather,  and  supported 
by  a  skeleton  drum  which  can  be  cast  of  aluminum,  or  the  band 
may    be    made    of    a    ribbed    iron    casting   yieldingly    supported 
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by  a  bracket.  The  engaging  pressure  is  furnished  by  a 
tension  spring,  whose  one  end  is  anchored  to  the  web  of 
the  band  supporting  drum.  In  some  designs  a  second  spring 
must  be  provided  to  keep  the  sliding  cone  in  contact  with  the 
operating  lever,  which  spring  may  either  surround  the  clutch 
shaft  and  press  directly  against  the  cone,  or  may  be  anchored 
to  some  part  of  the  car  frame  and  draw  the  clutch  pedal  in 
the    direction   corresponding   to   clutch    engagement 

In  another  tjrpe  of  band  clutch  both  ends  of  the  band  are 
free  and  the  middle  is  anchored  to  a  bracket  on  the  driving 
shaft     In  this  case  one-balf  of  the  band  is  drawn  tighter  on 


Fig.  37.— Expanding  Band  Clutch. 

the  drum  by  the  friction  between  band  and  drum,  and  the 
other  half  is  unwound,  as  it  were.  Hence  the  effects  of  the 
friction  on  the  pull  or  tension  in  the  halves  of  the  band 
exactly  neutralize  each  other  and  can  be  neglected  in  cal- 
culating the  frictional  force.  Let  P  be  the  pull  exerted  on 
each  free  end  of  the  band,  and  suppose  that  under  this  pres- 
sure the  ends  move  together  a  distance  x.  Then,  if  the  band 
is    supposed    to    be    of    circular    shape,    both    before    and    after 
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the  contraction,  the  radius  will  be  reduced  by  — •     Since  the 

2ir 

ratio  of  circumferential  to  radial  motion  is  2^  the  ratio  of 

circumferential  to  radial  pressure  is  —  and  the  total  normal 

a  «■ 
pressure  is  2irP,  which  when  multiplied  by  the  coefficient  of 
friction  gives  the   total   frictional    force. 

Expanding  Block  Clutches — ^This  type  of  clutch,  which  is 
widely  used  in  stationary  work,  is  rarely  found  in  automobile 
practice.  It  consists  of  a  drum  and  two  or  more  blocks  or 
segments  which  by  means  of  toggles  or  right  and  left  hand 
screws  can  be  expanded  against  the  rim  of  the  drum.  The 
blocks  are  in  driving  connection  with  a  spider  secured  to 
the  clutch  shaft  The  calculation  of  such  a  clutch  is  very 
simple.  From  the  arrangement  of  the  mechanism  the  multipli- 
cation of  the  spring  pressure  at  the  friction  surface  can  be 
readily  calculated  and  the  frictional  force  is  then  equal  to 
the  product  of  the  normal  pressure  by  the  friction  coefficient. 
These  blocks  or  segments  are  often  faced  with  fibre  or  leather, 
though  they  may  also  have  metallic  surfaces.  The  Metallurgique 
clutch,  a  typical  expanding  segment  clutch  with  right  and  left 
hand  screw  operating  mechanism,  is  shown  in  Fig.  38.  In  the 
Mais  truck  clutch,  the  clutch  surface,  instead  of  being  a  cyl- 
indrical envelope,  is  corrugated,  so  as  to  increase  the  normal 
pressure  on  the  frictional  surface  on  the  principle  of  a  wedge. 

Clutch  Shaft  Dimensions — The  torsional  strength  of  shafts 
is  calculated  by  means  of  the  formula 
M  =  OA96d*  S, 
where  M  is  the  torsional  moment  in  pounds-inches,  d  the 
diameter  of  the  shaft  in  inches,  and  5*  the  safe  torsional  stress 
in  pounds  per  square  inch.  5  can  be  figured  at  5,000  pounds  per 
square  inch  for  carbon  steel  and  7,000  pounds  for  nickel  and 
chrome-nickel  steel.  The  torsional  moment  of  a  four  cylinder 
4x5  inch  engine  would  be 

12  X 133  =  1,596  pounds-inches. 
Hence 

and 


0.196  d'x  5,000  =1,596 

d=  A/  ^^5- =  I.x8  —  say  i  ^i  inch, 

r  0.196  X  5000 


196  X  5000 
for  carbon  steel. 

Of  course,  if  the  shaft  is  weakened  in  any  way,  as  by  being 
squared  for  a  coupling,  the  diameter  should  be  made  propor- 
tionally heavier.     The  stress  allowed  in  the  shaft  seems  to  be 
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very  low,  but  a  high  factor  of  safety  is  necessary,  since,  owing 
to  changes  in  the  coefficient  of  friction  of  the  clutch  facing  and 
adjustment  of  the  spring  pressure,  the  torque  transmitting  ca- 
pacity (^  the  clutch  may  be  greatly  increased  and  much  greater 
torques  than  that  of  which  the  engine  is  capable  continuously 
may  be  produced  by  "jamming  in"  the  clutch  while  the  engine 
is  racing,  thus  withdrawing  some  of  the  energy  stored  up  in 
the  flywheel.  All  other  parts  of  the  clutch  transmitting  the 
torque  of  the  motor  should  be  calculated  on  the  same  basis, 
allowing  a  factor  of  safety  of  about  lo. 

In  .these  calculations,  as  well  as  in  the  calculations  of  other 
transmission   members,   unless   exceptions   are   specifically   men- 


FiG.  39, — Block  and  Trunnion  Type  Universal  and  Sup  Joint. 


tioned,  a  torque  based  upon  a  brake  mean  effective  pressure  of 
80  pounds  per  square  inch  is  to  be  used.  That  is  to  say,  the 
constants  of  all  formulae  to  be  given  will  be  based  on  this  engine 
torque,  which  may  be  found  from  Chart  I. 

Connection  Between  Clutch  and  Change  Gear— In  a  cone 
clutch  the  torque  of  the  motor  is  transmitted  by  the  cone  and 
the  hollow  shaft  to  which  it  is  secured,  and  since  the  cone  must 
move  in  an  axial  direction  when  it  is  engaged  and  disengaged, 
there  must  of  necessity  be  a  slip  joint  in  the  transmission  line 
between  the  clutch  and  the  change  gear.  The  ^ame  applies  to 
some  other  types  of  clutches,  as,  for  instance,  multiple  disc 
clutches  in  which  the  inner  drum  serves  also  as  the  presser. 
Moreover,  unless  the  change  gear  housing  and  engine  crank  case 
are  rigidly  secured  together,  it  is  very  desirable  that  a  double 
universal  joint  be  interposed  between  clutch  and  change  gear,  so 
there  may  be  no  binding  of  the  bearings  of  either  member  when 
the  vehicle  frame  "weaves"  or  distorts  in  consequence  of  road 
shocks,  and  also  so  as  to  obviate  the  necessity  of  absolute  align- 
ment in  assembling.     A  favorite  construction  of  universal  and 
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slip  joint  in  connection  with  cone  clutches  is  the  block  and  trun- 
nion type  illustrated  in  Fig.  39.  The  shaft  is  forged  with  a 
transverse  hub  which  is  drilled  to  receive  a  trunnion.  Over  this 
trunnion  are  slipped  two  square  blocks  of  steel,  adapted  to  slide 
lengthwise  in  slots  formed  on  the  inside  of  the  hollow  shaft. 
These  slots  may  be  cut  in  a  planer  or  shaper  in  a  short  length 
of  hollow  shaft  which  is  flange-bolted  to  the  adjacent  trans- 
mission part,  or  the  slots  may  be  milled  entirely  through  the  wall 
of  the  hollow  shaft,  for  a  certain  distance  from  the  end,  and  a 
piece  of  steel  tubing  forced  over  the  end  of  the  shaft  as  far  as 
the  slots  extend. 

In  calculating  the  necessary  size  of  the  blocks  and  trunnions 
a  unit  pressure  of  1,200  pounds  per  square  inch  can  b6  figured 


t^\w;i 


Fig.    40. — Internal   and    Spur    Gear    Type   of    Universal 
AND   Slip  Joint. 

on  between  the  blocks  and  the  walls  of  the  slots  in  which  they 
slide,  and  a  unit  pressure  of  1,800  to  2,000  pounds  per  square  inch 
between  the  trunnions  and  the  blocks.  In  order  to  obtain  the 
maximum  bearing  surface  with  a  given  outside  diameter  of  hol- 
low shaft,  the  blocks  are  often  beveled  off  on  the  outside  and 
beveled  out  on  the  inside.  These  blocks  are  hardened  and  the 
hollow  shafts  case  hardened,  to  reduce  wear.  To  obviate  rattling; 
of  the  intermediate  shaft  against  the  ends  of  the  hollow  shaft,  a 
spring  is  sometimes  placed  between  one  of  the  hollow  shafts  and 
the  intermediate  shaft,  which  takes  up  the  end  play.  Anolhcr 
method  of  accomplishing  the  same  result  consists  in  using  a 
standard  form  of  universal  joint  at  one  end  of  the  short  inter- 
mediate shaft  and  a  block  and  trunnion  type  of  joint  at  the 
other.    The  block  and  trunnion  type  of  joint  must  be  packed  in 
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grease,  and  to  this  end  must  be  provided  with  a  leather  1)oot,  as 
shown  in  Fig.  39. 

Another  type  of  universal  and  sliding  joint  employed  between 
clutch  and  change  gear  consists  of  spur  and  internal  gears.  A 
design  of  this  kind  is  used  on  the  Oldsmobile,  and  is  illustrated 
in  Fig.  40.  The  intermediate  shaft  is  forged  with  flanges  at 
both  ends  which  are  cut  with  spur  teeth  on  their  circumference. 
These  teeth  mesh  with  the  teeth  of  internal  gears  bolted  re- 
spectively to  the  clutch  shaft  and  a  coupling  fixed  to  the  change 
gear  driving  shaft  Since  the  two  sets  of  gears  do  not  run 
together  it  is  not  necessary  that  their  teeth  should  be  of  any 
particular  form,  and  substantially  square  teeth  probably  are  the 
most  advantageous.  Leather  discs  bolted  to  the  sides  of  the  two 
gears  respectively  here  take  the  place  of  the  usual  leather  boots, 
and  at  the  same  time  limit  the  endwise  play  of  the  intermediate 
shaft  and  thus  prevent  rattling. 

End  Thrust  Due  to  Pedal  Pressure. — Most  modern  auto- 
mobile clutches  are  so  designed  that  when  they  are  engaged 
the  spring  pressure  is  self-contained.  However,  when  the  clutch 
is  disengaged  the  end  thrust  due  to  .the  pressure  on  the  clutch 
pedal  has  to  be  taken  up  in  some  way.  The  clutch  itself  is  not 
supported  by  any  structural  part,  and  this  thrust  may  be  trans- 
mitted either  to  the  engine  crankshaft  or  to  the  driving  shaft 
of  the  change  speed  gear,  whichever  seems  the  most  convenient 
and  practical  in  any  particular  design.  Another  thing  to  be  con- 
sidered is  the  possibility  of  dismounting  the  clutch  without  re- 
moving the  engine  or  gear  box— especially  those  clutches  with 
renewable  wearing  surfaces. 
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SLIDING  CHANGE   SPEED  GEARS. 

Historical — Many  different  devices  have  been  tried  for  chang- 
ing the  gear  ratio  between  the  motor  and  the  driving  wheels 
of  an  automobile,  and  the  change  gear  was  long  thought  to 
present  the  most  difficult  problem  in  automobile  design.  Daimler 
and  Benz,  the  pioneers  of  the  gasoline  automobile,  both 
used  belts  and  stepped  pulleys  in  their  earliest  designs. 
The  Daimler  motor  was  taken  up  in  France  by  the  firm  of 
Panhard  &  Levassor,  and  after  a  few  experiments  with  belts 
M.  Levassor,  the  engineer  of  the  concern,  introduced  the  slid- 
ing pinion  change  speed  gear  in  combination  with  the  leather 
faced  cone  clutch.  The  idea  of  meshing  toothed  gears  by 
shifting  them  axially  was  at  first  ridiculed  as  crude  and  unme- 
chanical,  but  in  the  end  the  system,  aftejr  having  undergone  a 
number  of  important  refinements  and  modifications,  proved 
more  satisfactory  on  the  whole  than  all  others,  and  it  is  now  in 
almost  universal  use. 

Levassor's  change  gear  is  illustrated  in  Fig.  41.  It  con- 
sists of  two  parallel  shafts  mounted  in  bearings  in  an  alumi- 
num gear  box.  The  first  of  these  shafts,  known  as  the  pri- 
mary shaft,  is  in  driving  connection  with  the  clutch.  This 
shaft  is  squared  and  carries  a  set  of  three  toothed  gears  or 
pinions,  whose  common  hub  has  a  square  hole  broached 
through  it  to  make  a  sliding  fit  with  the  square  shaft.  On 
the  secondary  shaft  are  carried  three  other  toothed  gears, 
each  of  such  a  diameter  as  to  properly  mesh  with  one  of  the 
gears  on  the  primary  shaft.  The  gears  on  both  shafts  are  so 
spaced  that  by  shifting  the  primary  set  corresponding  gears 
on  the  two  shafts  can  be  brought  in  to  mesh  successively  with- 
out interference  from  the  other  gears.  Shifting  of  the  sliding 
set  is  accomplished  by  means  of  a  hand  lever  located  con- 
venient to  the  operator,  and  a  suitable  connecting  linkage. 
The  secondary  shaft  at  its  rear  end  carries  a  bevel  pinion 
meshing  with  a  bevel  gear  on  a  cross  shaft  or  jackshaft,  from 
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which  the  power  is  transmitted  to  the  rear  wheels  by  means 
of  side  chains. 

One  disadvantage  of  Levassor's  gear  set  was  that  the 
power  was  transmitted  through  a  pair  of  toothed  gears — with 
consequent  power  loss,  noise  and  wear — even  at  high  car 
speeds,  when  there  was  absolutely  no  occasion  for  it,  since 
the  speed  was  not  changed  by  the  gearing.  This  objection 
was  overcome  in  a  change  gear  brought  out  some  years 
later  by  Louis  Renault,  which  differed  from  Levassor's  in 
that  the  gears  of  the  two  shafts  were  rolled  into  mesh  instead 
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Fig.  41.--SKETCH  OF  Levassor's  Sliding  Change  Speed  Gear. 


of  being  slid  into  mesh.  The  primary  shaft  of  this  gear  set 
was  in  two  parts,  the  forward  or  driving  part,  and  the  rear- 
ward or  driven  part,  the  latter  being  journaled  at  its  forward 
end  inside  the  former.  The  secondary  shaft  served  as  a 
countershaft  through  which  the  motion  was  transmitted  for 
low  and  intermediate  speed  and  for  reversing.  For  high 
speed  the  two  parts  of  the  primary  shaft  were  locked  together 
by  means  of  jaw  clutches  formed  integral  with  gears  on  the 
two  parts  of  the  primary  shaft,  which  could  be  slid  into  en- 
gagement. This  gave  the  so-called  direct  drive,  the  power 
being  carried  directly  through  the  gear  set  without  being 
transmitted  through  the  toothed  gears.  The  direct  drive  fea- 
ture was  soon  also  incorporated  in  the  Levassor  type  of  slid- 
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ing  gear,  as  shown  in  Fig.  42.  This  gear,  which  is  kn  )wn  afi 
the  three  speed  and  reverse  progressive  sliding  gear  with 
direct  drive  on  high,  was  used  very  extensively  for  many 
years,  and  is  still  being  used  to  some  extent,  especially  on 
commercial  vehicles. 

As  the  speed  capabilities  of  automobiles  increased  it  be- 
came customary  to  fit  change  gears  giving  tour  forward  gear 
changes  and  one  reverse,  so  as  to  enable  the  operator  to  run 
the  engine  near  its  most  advantageous  speed  under  all  road 
conditions.  Now.  a  four  speed  gear  constructed  on  either  the 
original  Levassor  principle  or  the  direct  drive  principle  comes 
out  exceedingly  long,  as  may  be  seen  from  Fig.  43,  which 
represents  the  non-direct  type.  Not  only  does  this  lead  to  a 
bulky  and  heavy  gear  box,  but  the  shafts,  being  relatively 
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Fig.  42. — Sliding  Gear  With   Direct    Drive. 


long,  are  likely  to  be  insufficiently  rigid  and  to  spring  and 
bend  under  the  thrust  on  the  gear  teeth,  the  gear  thus  oper- 
ating noisily  and  inefficiently.  The  great  length  with  this 
construction  is  mainly  due  to  the  fact  that  the  gears  on  each 
of  the  shafts  must  be  spaced  relatively  far  apart  so  as  to 
avoid  interference.  This  difficulty  was  first  overcome  by 
Wilhelm  Maybach,  engineer  of  the  Daimler  Motor  Company, 
of  Cannstadt,  Germany,  who  with  a  non-direct  drive  type  of 
sliding  gear  used  two  sliding  sets.  This  principle  was  later  also 
applied  to  the  direct  drive  type,  and  proved  so  popular  that 
at  present  it  is  used  on  pleasure  cars  almost  exclusively,  and 
also  largely  on  commercial  vehicles,  and  not  only  for  four 
speed  gears  but  for  three  speed  as  well. 


Digitized  by 


Google 


72 


SLIDING   CHANGE  SPEED   GEARS. 


Three  speed  and  reverse  gears  usually  have  two  sliding  sets 
and  four  speed  and  reverse  gears  three.  The  several  sliding 
sets  are  operated  by  means  of  a  single  lever,  convenient  to  the 
driver,  which  lever,  in  addition  to  its  motion,  for  shifting  the 
gears,  has  a  motion  at  right  angles  to  the  plane  of  the  former 
motion,  for  picking  up  and  dropping  the  different  sliding  sets. 
This  type  of  change  gear  is  known  as  the  selective  type  of 
sliding  gear.  It  has  the  advantage  over  the  other,  the  pro- 
gressive type,  that  the  driver  may  change  directly  from  any 
one  gear  to  any  other  without  passing  through  intermediate 
gears,  which  is  not  possible  with  the  progressive  type  of  gear. 
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Fig.  43. — Progressive  Type  Four  Speed  and  Reverse  Sliding  Gear. 

A  sketch  of  a  four  speed  selective  sliding  gear  is  shown  in 
Fig.  44.  By  comparing  this  figure  with  Fig.  43  the  saving  in 
length  by  the  use  of  the  selective  principle  becomes  apparent. 
Gear  Material — It  is  absolutely  necessary  to  use  high  grade 
materials  for  the  gears  of  sliding  gear  sets.  Owing  to  the 
fact  that  driving  and  driven  gears  are  often  running  at  greatly 
different  pitch  line  velocities  when  they  are  meshed,  the 
teeth  "clash"  together  with  considerable  force,  and  their  ends 
would  soon  be  battered  up  if  they  were  made  of  soft  metal. 
Hardening  the  gears  involves  considerable  difficulty,  because 
if  they  are  hardened  after  they  are  finished  they  are  very 
likely  to  warp  on  being  quenched,  and  hence  to  run  noisily, 
whereas  if  they  are  hardened  before  being  finished  they  can 
be  finished  only  by  grinding. 
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The  gears  may  be  made  of  either  ordinary  low  carbon  steel  (so- 
called  case  hardening  steel),  low  carbon  i^ickel  or  low  carbon 
chrome  vanadium  steel,  all  of  which  steels  are  case  hardened; 
or  they  may  be  made  of  high  carbon  chrome  nickel  or  high 
carbon  chrome  vanadium  steel,  gears  of  these  materials  having 
been  used  both  in  the  natural  state  and  hardened  by  quenching. 
The  last  two  materials  have  exceedingly  high  elastic  limits  when 
properly  heat  treated,  but  they  are  so  difficult  to  forge  and 
machine  that  gears  made  of  them  are  very  expensive.  These 
materials  are  fairly  hard  in  the  natural  state,  and  gears  of 
them  therefore  can  be  used  in  that  state;  but  such  gears  wear 
faster  than  case  hardened  gears,  and  since  they  are  more  ex- 
pensive they  are  now  no  longer  used,  except  possibly  in  ex- 
ceptional cases.  Gears  of  chrome  nickel  and  chrome  vana- 
dium steel  with  a  carbon  content  of  0.45  per  cent.,  hardened 
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Fig.  44. — Selective  Type  Four  Speed  and  Reverse  Sliding  Gear 

through  and  through,  are  used  on  the  higher  grades  of  cars. 
When  gears  are  carbonized  for  case  hardening  the  carbon  is 
allowed  to  penetrate  to  a  depth  of  A  inch.  Following  are  the 
standard  specifications  and  heat  treatments  of  steels  suitable 
for  sliding  gears  that  have  been  adopted  by  the  Society  of 
Automobile  Engineers: 

Specification  No.  2.— 0.20  per  cent,  carbon  steel     The  fol- 
lowing composition  is  desired: 

Carbon    0.15%  to  0.25%   (0.45%  desired) 

Manganese   0.50%  to  0.80%  (0.65%  desired) 

Silicon    not  over  o.ao% 

Phosphorus    not  over  0.04% 

Sulphur    not  over  0.04% 

This   steel   forges   and   machines   well   and   is   particularly 
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suited  for  case  hardening.  It  has  an  elastic  limit  of  35,000 
pounds  per  square  inch  in  the  annealed  state  and  as  high  as 
70,000  pounds  when  cold  rolled  or  cold  drawn.  For  sliding 
gears  this  steel  should  be  treated  as  follows:  After  forging, 
machining  and  cutting  the  teeth,  carbonize  at  a  temperature  of 
between  1,600®  and  1,750®  Fahr.,  cool  slowly  in  the  carboniz- 
ing mixture,  reheat  to  1,500-1,550®  Fahr.,  quench,  reheat  to 
1, 400® -1, 450®,  quench  and  draw  in  hot  oil  at  a  temperature  of 
from  300®  to  450®  Fahr. 

Specification  No.  7. — ^3^  per  cent,  nickel  steel.  The  fol- 
lowing composition  is  desired: 

Carbon    0.15%  to  0.25%   (o.ao%  desired) 

Manganese    0.50%  to  0.80%  (0.659^  desired) 

Silicon    not  over  0.20% 

Phosphorus    not  over  o  .04% 

Sulphur     not  over  o .  04% 

Nickel    3-25%  to  3-75%   (3.50%  desired) 

Th«  elastic  limit  of  this  material  in  an  annealed  condition 
is  45,000  pounds  per  square  inch,  with  good  reduction  and 
elongation.  When  suitably  heat  treated  the  elastic  limit  may 
be  brought  up  to  60,000  pounds,  and  even  70,000  pounds  per 
square  inch,  with  better  reduction  of  area  than  in  the  annealed 
state.  This  material  is  carbonized  and  heat  treated  as  fol- 
lows: After  the  gears  are  cut,  carbonize  at  between  1,600® 
and  1,750®  Fahr.,  cool  slowly  in  the  carbonizing  material,  reheat  to 
i»450®-i,525®  Fahr.,  quench;  reheat  to  1,400-1,450®  Fahr.,  quench; 
reheat  to  250-500®  Fahr.  and  cool  slowly.  The  last  quenching 
operation  must  be  conducted  at  the  lowest  temperature  at 
which  the  material  will  harden,  which  will  sometimes  be  as 
low  as  1,300®  Fahr. 

Specification  No.  12.— 0.45  per  cent,  carbon,  chrome  nickel 
steel.    The  following  composition  is  desired: 

Carbon    0.40%  to  0.50%   (0.45%  desired) 

Manganese    0.40%  to  0.60%   (0.50%  desired) 

Silicon   0.10%  to  0.30% 

Phosphorus    not  over  0.035% 

Sulphur    not  over  0.035% 

Nickel   1 .50%  to  2.00%   (i .75%  desired) 

Chromium    0.80%  to  1.20%   (1.00%  desired) 

This  steel  contains  a  sufficient  amount  of  carbon  to  harden 
without  being  carbonized.  Heat  treatment  produces  an  elas- 
tic limit  as  high  as  200,000  pounds  per  square  inch,  with  good 
reduction  of  area  and  elongation.  The  steel  is  difficult  to 
forge  and  must  be  kept .  at  a  thoroughly  plastic  heat  while 
being  forged,  and  not  hammered  or  worked  after  dropping 
to  ordinary  forging  temperature,  as  cracking  is  liable  to  fol- 
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low.  Since  the  temperature  range  within  which  forging  is 
permissible  is  small,  the  steel  must  be  frequently  reheated. 
The  heat  treatment  is  as  follows:  Heat  to  i,500*  Fahr.  (plus 
or  minus  25"  Fahr.),  quench;  reheat  to  1,400-1,450'*  Fahr.,  hold 
at  this  temperature  one-half  hour  to  insure  thorough  heating; 
cool  slowly;  reheat  to  1,450-1,^®  Fahr.,  quench;  reheat  to 
250-550*  Fahr.  and  cool  slowly.  This  steel  cannot  be  machined 
unless  thoroughly  annealed.  The  desired  Brinell  hardness 
for  gears  is  between  430  and  470,  the  corresponding  Shore 
hardness  between  75  and  85. 

Specification  No.  13. — 0.20  carbon,  chrome  vanadium  steel. 
The  following  composition  is  desired: 

Carbon    0.15%  to  0.25%  (o.ao%  desired) 

Manganese   0.40%  to  o . 70%  (o . 50%  desired) 

Silicon  0.10%  to  0.30% 

Phosphorus   not  over  o . 04% 

Sulphur    not  over  o .  04% 

Chromium    0.80%  to  z.io%   (0.90%  desired) 

Vanadium not  less  than  0.10%  (0.18%  desired) 

The  treatment  of  the  above  steel  is  as  follows:  Carbonize 
at  a  temperature  between  i,6oo*  and  1,750*  Fahr.;  cool  slowly 
in  the  carbonizing  mixture;  reheat  to  1,600-1,700*  Fahr.,  quench; 
reheat  to  1,300-1,400*'  Fahr.,  quench;  reheat  to  250-500"  and  cool 
slowly.  The  heating  for  the  second  quench  should  be  conducted 
at  the  lowest  heat  that  will  harden  the  carbonized  surface. 

Specification  No.  15. — 0.45  per  cent,  carbon  chrome  vana- 
dium steel.    The  following  compositon  is  desired: 

Carbon    0.40%  to  0.50%   (0.45%  desired) 

Manganese 0.60%  to  0.90%  (0.75%  desired) 

Silicon  0.10%  to  0.30% 

Phosphorus not  over  o .  035% 

Sulphur not  over  0.035% 

Chromium    1.00%  to  x.30%  (1.20%  desired) 

Vanadium not  less  than  o .  xo%  (o .^8%  desired) 

This  ^teel  hardens  without  being  carbonized  and  attains 
an  elastic  limit  of  as  high  as  200,000  pounds  per  square  inch. 
The  proper  treatment  for  gears  is  as  follows:  Heat  to  1,600** 
Fahr.,  quench;  reheat  to  1,450"  Fahr.;  cool  slowly;  reheat  to 
1,600-1,650"  Fahr.,  quench;  reheat  to  350-550"  Fahr.,  and  cool 
slowly. 

For  the  gear  shafts  0.45  per  cent,  carbon  steel,  35^  per 
cent,  nickel  (.030  per  cent,  carbon)  or  0.30  per  cent,  carbon 
chrome  nickel  steel  is  used. 

Gear  Reduction  Ratios — With  very  few  exceptions  sliding 
pinion  change  gears  provide  either  three  or  four  forward 
speeds,  besides  one  reverse  speed.     Four  speed  gear  sets  arc 
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fitted,  as  a  rule,  to  the  more  expensive  cars.  At  the  1912  New 
York  shows  71  per  cent,  of  the  pleasure  cars  had  "three 
speed"  gears  and  25  per  cent,  four  speed;  68  per  cent,  of  the 
commercial  cars,  three  speed,  and  13  per  cent  four  speed.  It 
is  customary  to  proportion  the  different  gear  reductions  so 
they  will  substantially  form  a  geometrical  series.  For  in- 
stance, in  a  three  speed  gear  the  reduction  ratio  of  the  inter- 
mediate gears  is  generally  about  1.8,  and  that  of  the  low 
gears  3.2,  which  latter  figure  is  substantially  the  square  of 
1.8.  If  the  motor  is  relatively  powerful  in  respect  to  the 
weight  of  the  car  and  the  speed  to  which  it  is  geared  on 
direct  drive,  then  these  reduction  ratios  of  the  gear  set  can 
be  made  somewhat  smaller;  in  the  opposite  case  they  should 
preferably  be  somewhat  greater. 

In  four  speed  gears  the  reduction  ratio  of  the  low  gears 
(first  speed  set)  varies  from  3.25  to  4.25,  being  generally  near 
4.    With  a  geometrical  progression,  calling  the  first  speed 

ratio  r,  the  second  speed  ratio  would  be  (^7-"]  and  the  third 
speed  ratio  ^~.    There  is  a  tendency,  however,  to  make  the 

reductions  of  the  two  intermediate  gears  a  little  smaller,  the 
idea  being  that  the  speed  shall  not  be  too  low  while  driving 
on  the  intermediate  gears,  but  the  first  speed  gear  must  be 
sufficiently  low  to  provide  ample  driving  torque  for  all  emer- 
gencies: The  general  run  of  ratios  falls  within  the  following 
limits  : 

First  speed 3.75 — 4.25 

Second  speed ^..     2      — 2.2  • 

Third  speed 1.4  — 1.6 

Fourth  speed Direct  drive. 

The  reverse  gear  ratio  is  generally  made  somewhat  greater 
than  that  of  the  low  gear — as  great  as  the  design  permits. 

Arrangement  of  Gears  — Referring  to  Figs.  42  and  44,  it  will 
be  seen  that  in  these  gears  (which  represent  the  modern 
types)  the  driving  part  of  the  primary  shaft  carries  a  pinion 
which  meshes  with  a  gear  on  the  secondary  shaft.  These 
two  gears  remain  constantly  in  mesh,  while  the  rest  of  the 
gears  are  shifted  into  mesh  when  it  is  desired  to  use  them. 
It  will  be  noticed  that  the  gear  on  the  secondary  shaft  has 
about  twice  the  pitch  diameter  as  the  driving  pinion  on  the 
primary  shaft,  hence  the  secondary  shaft  runs  at  all  times  at 
about  one-half  the  speed  of  the  engine.  There  is  an  alternate 
construction  in  which  the  constantly  meshed  set  of  gears  is 
located  at  the  rear  end  of  the  gear  box,  but  this  is  subject 
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to  the  disadvantage  that  when  the  direct  drive  is  in  operation, 
which  it  is  a  very  large  proportion  of  the  time  the  car  is  in 
use,  the  secondary  shaft  runs  at  substantially  twice  engine 
speed,  and  the  pitch  line  velocity  of  the  constantly  meshed 
gears  is  practically  twice  as  great.  This  arrangement  is  now 
nearly  obsolete,  and  with  it  has  passed  the  practice  of  en- 
tirely disconnecting  the  primary  and  secondary  shafts  from 
each  other  when  engaging  the  direct  drive. 

Form  of  Gear  Teeth— There  are  two  forms  of  gear  teeth 
in  use,  the  14H  degree  involute  and  the  stub  tooth.  The  latter, 
which  was  specially  created  to  meet  automobile  requirements,  is 
used  in  the  great  majority  of  cases.  The  involute  tooth,  shown  in 
Fig.  45  at  A,  is  the  standard  form  of  tooth  for  machine  cut  gear- 
ing for  ordinary  purposes.  Its  general  proportions  are  given  in 
the  Appendix  to  Volume  I.  The  tooth  contact  surfaces  make  an 
angle  of  14^  degrees  with  a  radial  plane  through  the  axis  of  the 
gear.  The  stub  tooth,  illustrated  in  Fig.  45  at  B,  is  not  as  high  as 
an  involute  tooth  of  the  same  circular  pitch,  arid  has  a  greater 
contact  angle  (20  degrees).  Rules  for  the  general  proportions  of 
stub  teeth  were  also  given  in  the  Appendix  to  Volume  I. 

Stub  tooth  gears 
are  much  stronger 
than  involute  tooth 
gears  of  the  same 
circular  pitch,  and 
that  is  the  reason 
they  have  sup- 
planted the  latter. 
It  is  sometimes 
urged  against  the 
stub  tooth  gear 
that  the  radial 
thrust  between  centres  of  shafts,  which  is  proportional  to  the 
tangent  of  the  pressure  angle,  is  somewhat  greater  with  the  stub 
tooth,  but  since  the  radial  thrust  is  only  a  fraction  of  the  whole 
gear  load  on  the  shafts,  this  objection  is  not  a  very  serious 
one.  Stub  tooth  gears  are  also  claimed  to  be  more  efficient  than 
standard  gears  because  they  insure  a  more  nearly  perfect  rolling 
motion  at  the  tooth  surfaces. 

Calculation  of  Gears— In  determining  the  necessary  di- 
mensions of  change  speed  gears  it  is  advisable  to  calculate  the 
engine  torque  on  the  basis  of  65  pounds  per  square  inch  brake 
m.  e.  p.,  because  the  permissible  stress  in  the  gear  teeth  decreases 


45.— Involute    14}^    Degrees    Tooth 
AND  Stub  Tooth. 
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rapidly  as  the  pitch  line  velocity  increases,  hence  the  torque  at 
normal  engine  speed  should  be  figured  with.  The  dimensions  of 
gears  necessary  to  transmit  a  certain  torque  at  a  certain  angular 
velocity  are  calculated  by  means  of  a  formula  given  by  Wilfred 
Lewis  in  a  paper  read  before  the  Engineers'  Club  of  Philadelphia 
in  1893.    This  formula  reads 

^^  =  Spfy, 
where  w  is  the  tangential  force  in  pounds;  S,  the  stress  in  the 
material  of  the  teeth,  in  pounds  per  square  inch;  />,  the  rircular 
pitch;  f,  the  face  of  the  gear  in  inches,  and  y  a  constant  depend- 
ing upon  the  form  and  number  of  teeth  in  the  gear.  The  follow- 
ing table  gives  the  values  of  y  for  141/2  degree  involute  teeth  for 
that  range  of  tooth  numbers  which  is  likely  to  be  used  in  auto- 
mobile work: 

TABLE  I— VALUES  OF  y  FOR   iaVi  DEGREE  INVOLUTE  TEETH, 

la  teeth 0.067  ^i   teeth 0.092 

13  "  0.070         23      "     0.094 

14  **  0.072         25   "  0.097 

15  **  0,07s  *7   "  o.ioo 

16  "  0.077         30   "  0.102 

17  "  0.080         34   "  0.104 

18  " 0.083         38   "  0.107 

19  "  0.087         43   "  * O.IIO 

20  "  0.090         50   "  0.1 12 

The  above  formula  may  be  rearranged  so  as  to  directly  give 
the  width  of  face  required — 

'=sry ^''^ 

With  stub  tooth  gears,  owing  to  the  fact  that  the  height  of  the 
tooth  is  not  proportional  to  the  circular  pitch,  the  Lewis  formula 
is  not  directly  applicable,  since  the  value  of  the  constant  y  changes 
with  the  pitch  of  the  gear  as  well  as  with  the  number  of  teeth. 
For  this  form  of  gearing  the  following  simplified  formula  may 
be  used : 

'=s-. ^'^^ 

where  r  is  a  constant  depending  upon  the  pitch  and  the  number 
of  teeth  in  the  gear.  The  values  of  s  for  the  three  pitches  and 
the  numbers  of  teeth  that  are  likely  to  be  used  in  automobile 
change  gears  are  given  in  the  table  on  the  following  page. 

Pitch  Line  Velocity  and  Allowable  Stress— In  three 
speed  gears  the  pitch  line  velocity  of  the  two  gears  that  remain 
constantly  in  mesh  (where  these  are  located  at  the  motor  end') 
varies  between  90  and  100  per  cent,  of  the  piston  speed ;  in  other 
words,  the  pitch  diameter  of  the  constantly  meshed  pinion  varies 
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TABLE  II— CONSTANTS  FOR  STUB  TOOTH  GEARS. 

No.  of  Teeth.  5-7  Pitch.  6-8  Pitch.  7-9  Pitch. 

14  0.078  0.061  0.051 

15  0.081  0.064  0.053 

16  0.083  0.066  0.054 

17  0.084  0.067  0*055 

18  0.086  0.068  0.056 

19  o .  088  o .  069  o .  058 

20  0.090  0.071  0.059 

21  0.091  0.072  0.060 

23  0.093  0.074  0.061 

25  0.095  0.075  0.062 

27  0.098  0.077  0.064 

30  o.ioo  0.079  0.066 

34 0.104  0.082  0.068 

38  0.108  0.085  0.071 

43  o.iii  0.088  0.073 

50  0.116  0.091  0.075 

between  57  and  64  per  cent,  of  the  length  of  piston  stroke,  the 
higher  figure  being  more  suitable  for  high  powered  motors.  In 
four  speed  gears  the  pitch  diameter  of  the  constantly  meshed 
pinion  is  made  fribm  57  to  77  per  cent,  of  the  length  of  stroke. 
The  average  ratio  between  length  of  stroke  and  pitch  diameter 
of  the  constantly  meshed  pinion  is  0.6  in  three  speed  gears,  and 
0.7  in  four  speed  gears. 

As  to  the  allowable  stress  in  the  material  of  the  teeth,  this 
varies  greatly  with  the  pitch  line  velocity,  and,  of  course,  also 
depends  directly  upon  the  physical  properties  of  the  material 
used.  Besides,  it  is  logical  that  the  stress  in  the  constantly 
meshed  pair  of  gears  should  be  somewhat  less  than  the  stress 
in  the  gears  pertaining  only  to  one  particular  speed,  since  the 
constantly  meshed  pair  works  under  load  as  much  as  the  several 
other  pairs  collectively.  The  author  has  gone  over  the  data  of 
a  great  many  sliding  gear  sets,  and  finds  that  the  following 
stresses  in  gear  teeth  give  good  results  in  the  intermittently 
meshed  pairs  of  gears : 

TABLE  III— ALLOWABLE  UNIT  STRESS  IN  ALLOY  STEEL  GEAR 

TEETH,   CASE   HARDENED. 
Pitch  Line  Velocity  Allowable  Stress. 

(Ft.  P.  M.).  (Lbs.  P.  Sq.  In.). 

500    30,000 

600    '. 27,000 

700    24,000 

800    21,000 

900    18,000 

1. 000    15,000 
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TABLE    IV— ALLOWABLE    UNIT    STRESS    IN    CHROME  •  NICKEL 

AND  CHROME  VANADIUM   STEEL   GEAR  TEETH, 

HARDENED  ALL  THROUGH. 

Pitch  Line  Velocity  Allowable  Streat. 

(Ft.  P.  M.).  CLbs.  P.  Sq.  In.). 

500 60,000 

600    53*000 

700    47,000 

800    43,000 

900    38,000 

1,000 34,000 

ipXoo    30,000 

1,300     37,000 

In  the  above  two  tables  the  pitch  line  velocity  is  based  on  a 
piston  speed  of  1,000  feet  per  minute. 

For  the  constantly  meshed  pair  of  gears  the  stress  in  the  teeth 
should  be  taken  15  per  cent,  less  than  for  the  intermittently 
meshed  gears. 

In  calculating  the  face  of  the  gear  it  is  to  be  remembered 
that  the  engaging  edges  of  the  teeth  have  to  be  chamfered  in 
order  to  insure  positive  meshing,  and  this  chamfering  necessarily 
somewhat  reduces  the  effective  width  of  the  gear  face.  In  pro- 
gressive sliding 'gears  some  of  the  gears  are  chamfered  on  both 
sides,  while  in  selective  sliding  gears  the  gears  are  chamfered 
on  one  side  only.  The  loss  in  the  effective  width  of  the  face 
amounts  to  about  ^  inch  for  each  chamfer.  Another  thing  that 
deserves  consideration  is  that,  after  the  gear  shifting  linkage  has 
become  somewhat  wocn,  there  is  a  possibility  that  when  the  gears 
are  meshed  by  the  operator  they  will  not  be  accurately  opposite 
each  other,  with  the  result  that  some  of  the  face  width  will  be 
ineffective,  and  it  is  well  to  also  allow  A  inch  for  inaccurate 
meshing  of  the  sliding  gears.  This  makes  a  total  allowance,  for 
chamfer  and  inaccurate  meshing,  of  }i  inch  for  sliding  gears 
chamfered  on  one  side  only  and  A  inch  for  sliding  gears  cham- 
fered on  both  sides.  If  it  is  desired  to  make  the  gears  of  carbon 
steel,  case  hardened,  the  stresses  in  the  teeth  must  be  taken  some- 
what lower  than  the  allowable  stresses  in  alloy  steel  case  hard- 
ened, for  the  same  pitch  line  velocity. 

Application  of  Formula. — ^We  will  now  calculate  the  di- 
mensions of  a  change  speed  gear  for  a  four  cylinder  4x5  inch 
motor,  the  gear  to  be  of  the  three  speed  selective  type.  The 
driving  pinion  would  have  a  pitch  diameter  of 

0.6x5  =  3  inches. 
We  will  use  gears  with  6-8  pitch  teeth,  hence  the  pinion  will 
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have  i8  teeth.  We  found  that  in  three  speed  gears  the  low  speed 
reduction  is  usually  about  3.2,  and  it  is  customary  to  make  the 
reduction  ratio  of  the  constantly  meshed  set  of  gears  the  same 
a«  that  of  the  low  gear  set.  Hence  the  reduction  ratio  of  either 
set  should  be  about 

^3.2^1.8  (afproximately\ 
and  the  number  of  teeth  for  the  driven  member  of  the  constantly 
meshed  set  should  be 

1.8x18  =  32  (approximately). 
The  low  gear  set  should  have  the  same  number  of  teeth  as  the 
constantly  meshed  set,  and  the  intermediate  gear  set  should  both 
have  an  equal  number  of  teeth,  since  the  constantly  meshed  set 
gives  the  full  reduction  (1.8)  desired  for  the  intermediate  speed. 
Since  the  sum  of  the  number  of  teeth  must  be  the  same  for  each 
set,  each  gear  of  the  intermediate  speed  set  must  have 

11+^  =  25  teeth, 

2 

The  torque  of  the  motor,  on  the  basis  of  65  pounds  per  square 
inch  brake  m.  e.  p.  is  (Equation  i) : 

4X5X4X4X65  _  ,^^„„as.f„t 

192 

The  pinion  of  the  constantly  meshed  set  has  a  pitch  radius  of  i34 
inches,  hence  the  tangential  force  on  the  pitch  circle  is 

108  X  12      ^^   ^       ^ 
r  ■  -  =  064  pounds. 

At  1,000  feet  piston  speed  the  pitch  line  velocity  is 

-4-  X  1000  =  942//./.  m. 

We  will  assume  that  the  gears  are  to  be  made  from  low  carbon 

alloy  steel  and  to  be  case  hardened,  and  from  Table  III  we  see 

that  at  this  pitch  line  velocity  the  permissible  stress  is 

16,800  pounds —  IS  per  cent.  =  14*300  pounds. 

From  Table  II  we  find  the  value  of  the  constant  z  for  an  18 

tooth  6-8  pitch  gear  to  be  0.068.    Hence,  according  to  equation 

(24),  the  necessary  face  width  is 

864 

-—rz -7^  =  o.SSS—say  H  inch. 

14,300  X  0.068  "^  *■ 

The  tangential  force  on  the  pitch  line  of  the  intermediate  gears 

is  greater  than  that  on  the  pitch  line  oi  the  constantly  meshed  set 

in  the  proportion  of  the  number  of  teeth  of  those  members  of 

the  constantly  meshed  and  the  intermediate  sets  which  are  secured 

to  the  secondary  shaft.    In  the  present  case  the  force  is 
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864  X  -  =  iio6 pounds, 
25 

The  pitch  line  velocity  of  this  set  at  1,000  feet  piston  speed  per 

minute  is 

942  X  ^-^  =  736  ft,  p.  m, 
32 

At  this  speed  the  allowable  stress  in  the  teeth  (see  Table  III) 

is  23,000  pounds  per  square  inch.     The  value  of  constant  z  for 

25  teeth  of  6-8  pitch  is  0.075.    Hence  the  effective  width  of  the 

face  should  be 

'1^? =  0.641  inch, 

23,000  X  0.075 

and  the  total  width  of  face 

0.641  +0.125  =  0.766  inch— say  11  inch. 

For  the  low  gear  set  the  pitch  line  pressure  figures  out  to  1,536 

pounds,  and  the  pitch  line  velocity  to  530  ft.  p.  m.    From  Table 

III  we  hnd  the  allowable  stress  in  the  teeth  to  be  29,000  pounds 

per  square  inch,  and  the  value  of  constant  s  for  18  teeth  is  0.068. 

Hence  the  total  width  of  face  of  the  low  gear  should  be 

113^         4-  p.  125  =  0.905— 5«»>'  \\  inch. 

29,000  X  0.068 

It  will  be  seen  that  the  widths  of  face  of  the  three  gears  come 
out  almost  the  same,  and,  as  a  matter  of  fact,  in  many  three  speed 
sliding  gears  all  of  the  gears  are  made  of  the  same  face  width. 
Some  designers  simplify  their  calculations  by  merely  calculating 
the  required  width  of  face  for  the  constantly  meshed  set  and 
making  all  other  gears  of  the  same  width  of  face. 

In  practically  every  case  the  sliding  member  of  the  low  gear 
set  serves  also  to  give  the  reverse,  hence  the  face  width  of  the 
reverse  pinions  is  fixed  by  the  face  width  of  the  low  speed  gears 

Pressure  on  Bearings — The  earlier  change  gears  of  the  slid- 
ing type  were  fitted  with  plain  bearings,  but  anti-friction 
bearings  present  such  important  advantages  that  they  are 
now  almost  invariably  used  in  this  part  of  a  motor  car, 
radial  ball  bearings  being  used  in  the  majority  of  gear  boxes, 
and  roller  and  cup  and  cone  ball  bearings  in  some  instances. 
The  bearings  have  considerable  influence  on  the  design  of  the 
case,  and  in  order  that  the  proper  sizes  may  be  selected  the 
gear  loads  on  them  have  to  be  accurately  calculated. 

In  Fig.  46  is  shown  %  diagram  of  a  pair  of  gear  teeth  in 
mesh.  We  wilfassume  the  teeth  to  be  of  stub  form  and  their 
contacting  surfaces  to  make  an  angle  of  20  degrees  with  the 
plane  through  the  axes  of  the  two  shafts.     The  pressure  be- 
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tween  the  two  teeth,  which  is  represented  by  the  line  A  D 
is  normal  to  the  contact  surface.  On  the  other  hand,  the  tan- 
gential load  on  the  gear,  which  is  represented  by  the  line  A  C, 
is  normal  to  the  plane  of  the  axes  and,  therefore,  makes  an  angle 
of  20  degrees  with  the  tooth  pressure  A  D.  In  fact,  the  tooth 
pressure  A  D  may  be  resolved  into  two  components:  one,  A  C, 
normal  to  the  plane  of  the  gear  axes  and  tangential  to  the  pitch 
circles,  which  causes  the  driven  gear  to  turn,  and  the  other,  A  B, 
in  the  plane  of  the  gear  axes,  which  tends  to  force  the  gear  shafts 
apart. 


Fig.  46. — Composition  of  Gear  Tooth  Reaction. 

Let  T  be  the  torque  transmitted  by  the  driving  gear  and  r 
its  pitch  radius,  then  the  tangential  force  is 

7X  12 


A  C-- 


and  the  tooth  pressure  is 


rx  12 


"^  ^ -'r  X  cos  20°' 

There  is,  however,  another  factor  to  be  taken  into  account, 

namely,  the  friction  of  the  teeth  as  they  move  over  each  other. 
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When  the  teeth  first  come  together  their  outer  ends  touch  each 
other,  and  they  partly  slide  and  partly  roll  over  each  other  until 
they  are  in  full  mesh.  This  frictional  force  is  in  the  plane  of  the 
contact  surface  and  is  represented  in  the  diagram  by  A  E.  The 
resultant  of  this  frictional  force  and  the  normal  pressure  on 
the  tooth  surfaces  is  represented  by  AF.  The  friction  angle 
DAF  may  be  taken  at  5  degrees,  which  will  make  the  angle 
between  the  tangential  force  and  the  resultant  of  the  tangential 
force,  the  radial  bearing  pressure  and  the  frictional  force  on  the 
teeth,  25  degrees.  Neglecting  the  fact  that  DF  is  not  quite  in 
line  with  C  D,  we  may  write 
TX  12 


AF=—;rr-——o (25) 

r  X  cos  25 

Equation  (25)  gives  the  resultant  reaction  at  the  tooth  surface 

of  any  pair  of  meshing  gears,  if  T  is  made  equal  to  the  torque 


Fig.  47. 

of  the  driving  member  and  r  equal  to  its  pitch  radius.  It  is 
now  to  be  shown  what  bearing  pressure  results  from  this  tooth 
reaction. 

In  Fig.  47,  A  represents  the  shaft  of  the  driving  pinion  which 
has  a  torque  T  impressed  upon  it  at  some  point  in  front  of  the 
bearing.  This  shaft  is  provided  with  a  lever  arm  B,  representing 
a  portion  of  the  driving  pinion,  which  lever  presses  against  the  end 
of  another  lever  C,  similarly  mounted  upon  the  secondary  shaft 
The  contact  surfaces  of  the  two  lever  arms  make  an  angle 
of  25  degrees  with  the  plane  of  the  axes  of  rotation,  so  that  the 
pressure  between  them  makes  an  angle  of  25  degrees  with  a 
tangent  to  the  circles  described  by  the  centres  of  the  contact 
surfaces.  Now,  the  reaction  of  lever  C  on  lever  B  produces  a 
moment  Pxr  around  the  axis  of  primary  gear  shaft  A.  The 
principle  that  action  and  reaction  are  equal  and  opposite  applies 
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r± 


to  moments  the  same  as  it  does  to  forces,  and  the  reaction  of 
the  bearing  on  shaft  A  tends  to  turn  lever  B  around  the  centre 
line  of  contact  D,  with  the  same  torque,  but  in  the  opposite 
direction,  as  the  contact  pressure  P  tends  to  turn  the  arm 
arotmd  the  axis  of 
ihaft  A,  Hence  P» 
represents  the  re- 
action of  the  bear- 
ing on  shaft  A  and 
Ps  the  pressure  of 
shaft  A  on  the 
bearing. 

Each  of  the  gears 
i  s  supported  o  ii 
two  bearings, 
these  bearings 
being  on  opposite 
sides  of  the  gear 
respective- 
ly,  and  the  bearing 
pressure   is   distributed 


m 


o 


Ti 


tJ 


Fig.  48.— Distribution  of  Tooth  Pressure 
Between  Bearings. 


between  them  in  a  certain  proportion 
which  we  shall  investigate  presently.  The  constantly  meshed 
pinion  in  many  gears  is  an  exception  to  this  rule,  since  it  over- 
hangs its  bearing  supports  From  the  above  we  see  that  the 
pressure  on  the  bearings  supporting  any  gear  is  equal  to  the 
resultant  tooth  reaction,  and  in  direction  parallel  to  it.  Another 
thing  to  be  observed  is  that  the  pressures  on  the  shafts  of  two 
meshing  gears  due  to  the  pressure  between  the  teeth  are  equal 
but  in  opposite  directions.  This  is  easily  seen,  since  the  pressure 
of  the  driving  gear  teeth  against  the  driven  gear  teeth  is  equal 
to  the  reaction  of  the  driven  gear  teeth,  but  in  the  opposite  di- 
rection. 

Next  it  becomes  necessary  to  determine  the  division  of  the 
bearing  pressure  due  to  the  tooth  reaction,  between  the  two 
bearings  supporting  any  gear.  The  shaft  forms  a  beam  sup- 
ported at  both  ends,  with  a  concentrated  load  at  the  centre 
of  the  gear.  Referring  to  Fig.  48,  let  Ri  and  R2  be  the  reac- 
tions at  the  supports,  or  loads  on  the  bearings;  P  the  total 
bearing  load  due  to  one  pair  of  gears;  x,  the  distance  of  the 
centre  of  the  gear  from  the  centre  of  the  left  hand  bearing 
and  y  the  distance  from  the  centre  of  the  right  hand  bearing. 

Then,  taking  moments  around  the  centre  plane  of  the  gear 
RiX  =  Rty 
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Px  =  R^{x-\-y) 


^2 


^^x  +  y 


Ri  =  P—P-     1 —  =  p—±— 

*  X  +  y  ^      X  +  y 

Except  when   the   direct   drive   is  being  used,   two  pairs  of 
gears  are  in  mesh  and  transmitting  power  simultaneously,  viz., 


Fig.  49. — Constantly  Meshed  and  Intermediate  Speed  Gears. 
(Seen   From   Engine   End.) 

the  constantly  meshed  pair  and  one  of  the  other  pairs.  However, 
the  bearing  pressures  due  to  these  two  pairs  of  gears  are  not  in 
the  same  direction,  and  therefore  cannot  be  added  together 
directly,  but  must  be  added  by  means  of  the  parallelogram  of 
forces.  This  may  be  seen  from  Fig.  49,  which  is  a  front  view 
of  the  constantly  meshed  and  intermediate  speed  pairs  of  gears. 
In  this  figure,  Pi  represents  the  reaction  of  the  contsantly 
meshed  gear  C  on  the  constantly  meshed  pinion  A,  and  P2  the 
pressure  of  the  intermediate  pinion  D  on  the  intermediate  speed 
gear  B,  The  loads  on  the  bearings  of  the  primary  shaft  R  are 
equal  and  parallel  to  Pi  and  Pz,  while  the  loads  on  the  bearings 
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of  the  secondary  shaft  are  equal  and  parallel  to  Pi  and  Pa,  but 
oppositely  directed.  All  of  these  forces  make  an  angle  of  25 
degrees  with  the  vertical. 

Therefore,  in  order  to  determine  the  total  load  on  the  different 
bearings  of  the  gear  set  corresponding  to  any  particular  speed  or 
gear,  we  first  calculate  the  bearing  load  due  to  one  pair  of 
gears,  then  find  the  proportion  of  this  on  each  bearing;  next 


■^es'- 


h £.9$9''—^ 


Fig.  50.— Layout  of  Gearset  Under  Calculation. 

we  determine  the  bearing  load  due  to  the  other  pair  of  gears, 
then  find  the  proportion  of  this  on  each  bearing  and  finally  add 
the  two  loads  on  each  bearing  together  by  means  of  the  parallelo- 
gram of  forces,  which  can  be  done  either  graphically  or  trigo- 
nometrically. 

We  will  now  carry  this  calculation  through  for  the  gear  set 
whose  gear  dimensions  were  calculated  in  the  foregoing.     This 
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gear  with  its  bearings  is  laid  out  in  Fig.  50.     The  tangential 
forces  on  the  pitch  circles  we  found  to  be: 
864  pounds  on  the  constantly  meshed  gears; 
1,106  pounds  on  the  intermediate  gears; 
ii556  pounds  on  the  low  speed  gears, 
and  if  we  assume  that  the  reverse  pinion  has  14  teeth,  it  is 
i»97S  pounds  on  the  reverse  gears. 
Since  the  bearing  loads  are  equal  to 
Tangential  Force 
cos  25  degrees 
and  the  cosine  of  25  degrees  is  0.906,  we  have  for  the  bearing 
loads  due  to  these  tangential  forces : 

953  pounds  due  to  the  constantly  meshed  gears; 
1,222  pounds  due  to  the  intermediate  gears; 
1,693  pounds  due  to  the  low  sp^ed  gears; 
2,180  pounds  due  to  the  reverse  gears. 

Now,  assume  the  intermediate  pair  of  gears  to  be  in  operation. 
The  load  on  bearing  I  due  to  the  tooth  pressure  of  the  con- 
stantly meshed  gears  is 

7.469 
953  X  8T563  "^  832/o««fl&. 

That  on  bearing  II  due  to  this  pressure  is 

953  —  832=121 
The  load  on  bearing  I  due  to  the  tooth  pressure  of  the  inter- 
mediate gears  is 

4.219 
1,222  X  ^-^.=^to^  founds. 

That  on  bearing  II  due  to  this  pressure  is 
1,222  —  602  =  620  pounds. 

Adding  the  two  loads  on  each  bearing  graphically,  as  shown 
in  Fig.  51,  we  find  the  loads  on  bearings  I  apd  II  to  be  550  and 
642  pounds,  respectively.  The  directions  of  these  loads  are  as 
indicated  by  the  arrows,  the  gear  being  looked  at  from  the  front. 

The  load  on  bearing  V  due  to  the  tooth  pressure  of  the  inter- 
mediate gears  is 

4.219 
1,222  X  =  708  pounds. 

The  load  on  bearing  VI  due  to  the  tooth  pressure  on  the  inter- 
mediate gears  is 

1.222  —  708  =  514  pounds. 

The  load  on  bearing  IV  due  to  the  tooth  pressure  on  the  inter- 
mediate gears  is 
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2.969 
5'^  ^  i7656  ^  922/<>«fid5. 

The  load  on  bearing  III  due  to  the  tooth  pressure  on  the  inter- 
.  mediate  gears  is 

92a —  614  =  408  pounds. 
The  load  on  bearing  III  is  opposite  in  direction  to  the  load  on 
bearing  IV. 


Fig.  51.— Bearing  Loads  for  Intermediate  Gear  Operation. 

The  load  on  bearing  IV  due  to  the  tooth  pressure  on  the  con- 
stantly meshed  gears  is 

2.75 
^53  X  n^e  ~  '*5®°  pounds. 

The  load  on  bearing  III  due  to  the  tooth  pressure  on  the  con- 
stantly meshed  gears  is 

1,580  —  953  =  ^^  pounds. 
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The   loads   on   bearings   III   and   IV   while   the   intermediate 
gear  is  in  operation  are  added  together  graphically  in  the  right 
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Fig.  52. — Bearing  Loads  for  Low  Gear  Operation. 

hand  diagram  in  Fig.  51,  and  the  magnitude  and   direction  of 
the  load  on  bearing  VI  are  also  shown. 

When  the  low  gears  are  in  mesh  the  bearing  loads  due  to 
the  tooth  pressure  on  the  constantly  meshed  pair  of  gears  will 
be  the  same  as  when  the  intermediate  gears  are  in  mesh,  which 
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loads  we  have  already  found.    The  load  on  bearing  I  due  to  the 

tooth  pressure  on  the  low  speed  gears  is 

3.219 
'»^3  X  g7^  =  637  pounds. 

The  load  on  bearing  II  due  to  the  tooth  pressure  on  the  low 
speed  gears  is 

1,693  —  637  =  1,056  pounds. 

Adding  the  two  forces  on  each  bearing  graphically,  as  in  Fig 
52,  we  find  the  loads  on  the  secondary  shaft  bearings  for  low 


Fig.   53.— Magnitude   and   Direction   op   Tooth    Pressure  on 
Reverse  Gears. 

gear  operation  to  be  645  pounds  on  bearing  I  and  981  pounds 

on  bearing  II. 

The  load  on  bearing  V  due  to  the  tooth  pressure  on  the  low 

speed  gears  is 

3.219 
1,693  X  —  -  =  753  pounds. 

The  load  on  bearing  VI  due  to  the  tooth  pressure  on  the  low 
speed  gears  is 

1,693  —  753  =  940  pounds.  • 

The  load  on  bearing  IV  due  to  the  tooth  pressure  on  the  low 
speed  gears  is 

2.969 
753  X  — g^^  =  i,s50pounds. 
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The  load  on  bearing  III  due  to  the  tooth  pressure  on  the  low 
speed  gears  is 

1.350  —  753  =  597  pounds. 

The  loads  on  the  bearings  of  the  primary  shaft  corresponding 
to  low  gear  operation  are  added  graphically  in  the  right  hand 
diagram  in  Fig.  52,  and  we  find  that  the  load  on  IV  is  1^3 
pounds  and  on  III,  513  pounds. 

The  direction  of  the  tooth  pressures  on  the  reverse  pear  and 
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Fig.  54. — Bearing  Loads  for  Reverse  Gear  Opera  iion. 

pinion  may  be  found  graphically  from  Fig.  53.  It  is  seen  that 
the  pressure  of  the  idler  gear  on  the  reverse  gear  makes  an 
angle  of  ioj4  degrees  with  the  vertical,  and  the  reaction  of  the 
idler  geaj  teeth  on  the  teeth  of  the  reverse  pinion  makes  an  angle 
of  4654  degrees  with  the  horizontal. 

The  load  on  bearing  I  due  to  the  tooth  pressure  between  the 
reverse  pinion  and  idler  is 

1.094 
^'  ^^  ^  8T563  ^  ^3^  pounds. 
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The  load  on  bearing  II  due  to  the  tooth  pressure  between  the 
reverse  pinion  and  idler  is 

2,180  —  232  =  1,948  pounds. 

The  load  on  bearing  VI  due  to  the  tooth  pressure  between  the 
reverse  gear  and  idler  is 

6.156 
^'^^°  ^  7725"  ~  ^'^35  pounds. 

The  load  on  bearing  V  due  to  the  tooth  pressure  between  the 
reverse  gear  and  idler  is 

2,180  —  193s  =  245  pounds. 
The  load  on  bearing  IV  due  to  the  tooth  pressure  between  the 
reverse  gear  and  the  idler  is 

2.969 
*^5  X  77^  =  438  pounds. 

The  load  on  bearing  III  due  to  the  tooth  pressure  between  the 
reverse  gear  and  the  idler  is 

438  —  245  =  193  pounds. 

Adding  the  two  loads  on  each  bearing  graphically  (see  Fig. 
54)  we  find  the  loads  on  bearings  I  and  II  to  be  625  pounds  and 
i>837  pounds,  respectively,  and  the  loads  on  bearings  III  and  IV, 
795  pounds  and  1,960,  respectively. 

The  following  table  shows  at  a  glance  the  load  on  each  bearing 
for  each  speed: 

Bearing.             I.  II.  III.  IV.  V.  VI. 

Reverse    625  1837  795  i960  245  1935 

Low   gear 645             981  513  1263  753  940 

Intermediate    gear 642            550  513  1220  708  SH 

High    gear 

Bearing  Load  Due  to  Bevel  Gears — Cars  fitted  with  side 
chain  drive  have  a  bevel  gear  set  enclosed  in  the  rear  portion  of 
the  change  gear  box,  the  bevel  pinion  being  keyed  to  the  rear 
end  of  the  primary  shaft.  Of  course,  the  tooth  reaction  of  the 
bevel  gears  throws  considerable  load  on  bearing  VI,  and  this  must 
be  taken  into  account.  In  very  powerful  cars  the  bevel  pinion  is 
sometimes  located  between  ball  bearings  on  opposite  sides  of  it. 
but  the  more  common  arrangement  is  to  have  only  a  single  large 
radial  ball  bearing  directly  back  of  the  bevel  pinion.  We  will 
assume  that  in  the  change  gear  under  calculation  the  above 
arrangement  is  used  and  that  the  ratio  of  the  bevel  gear  set  is 
3  to  I.  We  will  further  assume  that  the  pinion  has  eighteen  teeth 
of  6  pitch  and  the  gear  fifty- four.  This  makes  the  maximum 
pitch  diameter  of  the  pinion  3  inches  and  the  pitch  angle  such 


Digitized  by  VjOOQ IC 


94 


SUDING  CHANGE  SPEED  GEARS. 


that  its  tangent  is  0.353,  viz.,  18*  26'.    If  the  bevel  pinion  has  a 
face  of  i9i  inches,  then  the  mean  pitch  diameter  is 

3--(i^xsini8'26')  = 

3  —  (iH  xa3i6)  =  2.567  inches, 
and  the  mean  pitch  radius,  1.283  inches.    Since  the  motor  develops 
a  torque  of  108  pounds-feet,  the  tangential  force  on  the  gear  teeth, 


Fig.  55.— Tooth  Reaction  in  Bevel  Gears. 

figured  as  though  it  was  concentrated  at  the  middle  of  the  face 
length,  is 

108  X  12 

g      =  1. 010  pounds. 

The  tooth   reaction  makes   an   angle  of   20  degrees   with   the 
tangential  force,  hence  its  value  is 


1,010 
0.94  ' 


!  1,074  pounds. 


Now,  in  a  bevel  gear  the  tooth  reaction  is  not  in  a  plane  per- 
pendicular to  the  axis  of  the  gear,  and  for  this  reason  the  bearing 
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pressure  is  not  equal  to  the  tooth  reaction,  as  in  the  case  of  a 
spur  gear.  We  have  to  resolve  the  tooth  reaction  into  two  com- 
ponents, one  in  a  plane  perpendicular  to  the  gear  axis,  which  is 
equal  and  parallel  to  the  load  of  the  shaft  supporting  bearings, 
and  the  other  in  a  direction  parallel  to  the  gear  axis,  which  is 
equal  to  the  end  thrust    This  requires  three  successive  steps. 

In  Fig.  55,  A  B  represents  the  normal  pressure  on  the  tooth 
contact  surfaces.  We  first  resolve  this  into  a  component  A  C  im 
vertical  plane  perpendicular  to  the  gear  axis,  and  a  component 
C  B  in  a  horizontal  plane  through  the  axis  of  the  gear  and  at 
right  angles  to  the  element  of  the  gear  tooth  surface  on  which 
the  tooth  pressure  comes.  A  D  represents  this  latter  component 
both  in  direction  and  magnitude. 

AD  =  CB=zAC  tan  20**  =  7  tan  2o'. 
The  latter  may  be  resolved  again  into  a  component  A  E  perpen- 
dicular to  the  gear  axis  and  a  component  D  E  parallel  to  the  gear 
axis. 

AE  =  AVcose=T  tan  20**  cos  6 

D  E  =  A  D  sin  e=  T  tan  20^  sin  6 (26) 

D  E  represents  the  end  thrust  of  the  bevel  pinion  which  is 
usually  taken  up  on  the  radial  ball  bearing,  though  some  designers 
provide  a  special  thrust  bearing,  or  use  a  combined  radial  and 
thrust  bearing  at  this  point.  This  equation  is  general  in  its 
nature,  applying  to  all  14^  /legree  involute  gears;  while  for 
stub  tooth  bevel  gears  tan  25^  should  be  substituted  for  tan  20^. 

The  radial  bearing  load  is  equal  to  the  resultant  oi  A  C  and 
A  E,  which  is 

^y 7^+(T tan  2o° cos  ey {27) 

In  our  example  r=  1,010  pounds.  The  tangent  of  20*  is  equal 
to  0.364,  the  cosine  of  9  (18"*  25')  is  0.949  and  the  sine  of  9,  0.316, 
Substituting  these  values  in  equations  (26)  and  {27)  we  find  the 
end  thrust  to  be 

1,010  X  0.364  X  0.3 16  .=  1 16.2  pounds, 
and  the  radial  bearing  load 

^1,010*  -|-  (1,010  X  0.364  X  0.949)*=  1,051  founds. 

The  arrow  heads  in  Fig.  55  indicate  the  direction  of  the  reac- 
tion of  the  bevel  gear  teeth  on  the  bevel  pinion  teeth  and  of  its 
components,  and  the  resultant  radial  bearing  pressure  is  in  the 
direction  of  A  F,  which  in  this  case  makes  an  angle  of  43^  de- 
grees with  the  vertical. 

Like  the  constantly  meshed  pinion,  the  bevel  pinion  overhangs 
its  bearing.    From  the  centre  of  the  rear  ball  bearing  to  the  centre 
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uf  the  bevel  pinion  would  be  about  1%  inches,  and  since  the  dis- 
tance between  centres  of  the  two  bearings  of  the  bevel  pinion 
shaft  is  y}i  inches,  we  have  for  the  load  on  bearing  K/  due  to  the 
tooth  reaction  on  the  bevel  pinion : 

8) 
1.051  ^  ji~  ^»232  founds, 

and  the  load  on  bearing  V  due  to  the  tooth  reaction  on  the 
bevel  pinion, 

1232  —  1051  =  181  pounds. 
When  the  direct  drive  is  employed  these  are  the  only  loads  on 
bearings  V  and  VI,  but  when  either  of  the  lower  gears  or  the 
reverse  is  in  mesh  the  loads  on  bearings  V  and  VI  due  to  the 
bevel  pinion  tooth  pressure  are  multiplied  by  the  reduction  fac- 
tor of  the  particular  gear,  and  there  is  in  addition  the  load 
due  to  the  reduction  gears  on  bearings  V  and  VI  which  must 
be  combined  with  the  loads  due  to  the  bevel  gears  by  means  of 
the  parallelogram  of  forces.  For  bearing  VI  this  is  done  in 
Fig.  56,  the  values  of  the  loads  on  VI  shown  in  Figs.  51,  52 
and  54  being  used,  and  the  value  of  the  load  due  to  the  bevel 
gears  represented  in  Fig.  55,  multiplied  by  the  reduction  factor 
of  the  particular  gear  combination.  It  will  be  seen  that  the 
bearing  loads  due  to  the  bevel  and  spur  gears  respectively 
partly  neutralize  each  other,  and  that  with  a  gear  of  this  kind 
the  load  on  the  rear  bearing  of  the  primary  shaft  is  greatest 
when  the  low  gear  is  in  operation.  The  tooth  pressure  of  the 
bevel  gears  has  little  influence  on  the  load  on  bearing  V  and  its 
effect  may  be  neglected. 

Sizes  of  Bearings — Manufacturers  of  ball  bearings  issue  tables 
of  load  capacities  with  the  aid  of  which  the  proper  size  of  bearing 
for  each  point  can  be  determined.  These  load  capacities  are  the 
loads  the  bearing  will  stand  under  continuous  running  at  normal 
speed.  Now,  it  will  be  seen  from  the  table  of  bearing  loads  above 
given  that  the  loads  on  all  the  bearings  except  /  and  V  are  a 
maximum  when  the  reverse  gear  is  in  operation,  arid  these  maxi- 
mum loads  in  most  instances  are  far  greater  than  the  loads  corre- 
sponding to  the  other  gear  combinations.  It  will  be  remembered 
that  the  bearing  loads  were  calculated  on  the  basis  of  full  engine 
power,  and  it  practically  never  happens  that  the  engine  works  at 
full  load  while  the  reverse  gear  is  being  used.  The  reverse  gear 
is  made  extremely  low  for  the  sake  of  safety  in  backing,  and  not 
because  an  unusually  large  torque  is  needed.  Hence  the  calcu- 
lated bearing  loads  for  the  reverse  gear  never  obtain  in  practice, 
and  they  may  be  neglected  when  selecting  the  proper  size  of  bear- 
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Fig.  s6.— Loads  on  Primary  Shaft 
Rear  Bearing  (VI)  When  Car- 
rying A  Bevel  Pinion. 


ings,  though  it  is  well  to 
make  sure  that  the  calcu- 
lated load  on  bearing  // 
does  not  exceed  the  rated 
load  by  more  than  lOO  per 
cent. 

Various  constructional 
and  operative  considera- 
tions often  influence  the 
choice  of  bearing  sizes. 
Thus,  although  there  is  a 
very  considerable  differ- 
ence between  the  maxi- 
mum loads  on  /  and  //, 
these  bearings  are  often 
chosen  of  the  same  size; 
for  one  reason,  because  it 
simplifies  the  boring  of  the 
bearing  holes  in  the  gear 
case,  since  the  holes  at  op- 
posite ends  can  be  bored  in 
one  operation.  Another 
reason  is  to  be  found  in 
the  advantage  there  is  in 
reducing  the  number  of 
different  parts  in  a  car, 
due  to  the  fact  that  a 
smaller  stock  of  repair 
parts  will  suffice.  When 
it  is  thus  decided  to  use 
the  same  size  of  bearing  at 
both  ends  of  the  sec- 
ondary shaft  the  size  of 
bearing  selected  should 
have  a  rated  load  capacity 
intermediate  between  the 
maximum  loads  on  the 
two  bearings  for  forward 
running.  Thus  in  our  ex- 
ample the  loads  are  550, 
642,  645  and  981  pounds, 
and  the  No.  306  bearing 
would  probably  be  selected, 
which  has  a  rated  capacity 
of  860  pounds.  To  give  a 
general  rule,  the  bearings 
should  be  selected  to  have 
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a  rated  load  capacity  of  from  75  to  125  per  cent,  of  the  calculated 
maximum  gear  loads  due  to  other  than  the  reverse  gear,  depend- 
ing upon  the  general  quality  of  construction. 

Intermediate  Bearing*— In  the  construction  Fig.  50  the  most 
heavily  loaded  bearing  is  IV,  which  is  due  to  the  fact  that  the 
constantly  meshed  pinion  overhangs  this  bearing.  Although  the 
primary  driving  shaft  is  supported  in  two  bearings,  the  load  due 
to  the  tooth  pressure  is  not  divided  between  these  bearings,  as 
might  possibly  be  supposed.  The  gear  overhangs  the  bearings 
and  the  load  on  bearing  IV  from  the  constantly  meshed  gears 
alone  is  equal  to  the  tooth  pressure  on  the  constantly  meshed 
pinion  plus  the  load  on  bearing  ///.  The  load  on  bearing  IV 
resulting  from  that  on  bearing  V  is  also  nearly  twice  the  latter. 
The  conditions  are  somewhat  more  favorable  when  a  plain  bear- 
ing is  used  at  V,  extending  a  considerable  distance  into  the 
primary  driving  shaft,  so  that  the  middle  of  its  length  lies  sub- 
stantially in  the  plane  of  bearing  IV,  in  which  case  the  load  on 
V  is  transfej-red  directly  to  IV,  In  the  case  of  unit  power  plants 
and  designs  of  clutches  requiring  no  slip  joint  in  the  clutch  shaft, 
it  is  advantageous  to  use  only  a  single  bearing  on  the  primary 
drivmg  shaft,  as  the  load  on  the  bearing  will  then  be  less  than 
that  on  IV  in  Fig.  50. 

In  large  gear  boxes  the  constantly  meshed  pinion  is  some- 
times supported  in  two  bearings,  as  shown  in  Fig.  57,  one  on 
either  side,  the  inside  bearing  being  carried  on  a  pedestal  or  in 
a  partition  wall  in  the  case.  The  loads  are  then  divided  be- 
tween the  two  bearings  in  the  inverse  proportion  of  the  centre 
distances.  Bearing  /  may  also  be  placed  inside  the  constantly 
meshed  gear,  causing  the  latter  to  overhang,  an  arrangement 
that  naturally  suggests  itself  when  the  constantly  meshed  pinion 
is  carried  in  two  bearings.  It  increases  the  load  on  bearing  / 
and  reduces  that  on  bearing  //.  so  their  maximum  loads  will 
be  about  equal,  which  may  be  considered  an  advantage  if  both 
are  to  be  made  of  the  same  size.  However,  this  construction 
is  rare. 

Truck  Change  Gears. — In  change  gears  designed  for  motor 
trucks  the  unit  stresses  are  kept  lower,  for  the  reason  that  trucks 
are  operated  a  great  deal  of  the  time  in  congested  thorough- 
fares where  it  is  necessary  to  do  much  driving  on  the  lower 
gears.  Besides,  a  little  extra  weight  does  not  eount  for  so  much 
in  a  truck  as  in  a  high  speed  pleasure  car.  For  this  same  reason 
chrome  nickel  or  other  high  tensile  steels  are  seldom,  if  ever, 
used  for  the  gears  and  pinions  of  truck  transmissions.     With 
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carbon  steel  and  low  carbon  alloy  steel,  case  hardened,  the  fol- 
lowing unit  stresses  may  be  allowed  in  the  gears: 


Pitch  Line 
Velocity. 
(Ft  p.  m.) 
500   . . . . 


Allowable 
Stress. 
(Lbs.  p.  sq. 

.  .  .  .       30,000 


in.) 


600  18,000 

700  16,000 

800  14,000 

900  za,ooo 

1000  10,000 

The  bearings  of  commercial  change  gears  should  also  be  of 


Fig.  57.— Constantly  Meshed  Pinion  With  Bearings  on 
Both   Sides. 

somewhat  more  liberal  size  than  those  in  pleasure  car  gears,  for 
the  same  reason. 

Shaft  Dimensions-^ne  of  the  chief  requirements  in  a 
change  gear  box  is  quiet  operation,  and  this  necessitates  rigid 
shafts.  The  sizes  of  the  shafts  are,  therefore,  more  dependent 
upon  the  maximum  permissible  flexure  than  upon  the  torque  to 
be  transmitted.  The  tooth  pressure  on  the  gears  located  midway 
between  bearings  creates  an  appreciable  flexure  of  the  shafts, 
and  the  pairs  of  gears  located  near  the  bearings  also  create  some 
flexure,  but  this  may  be  neglected.  The  shafts  should  be  made 
of  such  a  diameter  that  the  maximum  flexure  due  to  any  pair  of 
gears  is  not  more  than  0.004  to  0.006  inch.  In  Chapter  XI  of 
Volume  I  is  given  a  formula  for  the  flexure  of  shafts  supported 
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at  their  ends  and  carrying  a  concentrated  load  between  bear- 
ings, viz., 

where  P  is  the  load  on  the  shaft  in  pounds ;-  /,  the  length  of  the 
shaft  between  the  centres  of  bearings,  in  inches ;  d,  the  diameter 
of  the  shaft  in  inches,  and  x  the  ratio  of  the  distance  of  the  load 
from  the  farthest  support  to  the  distance  between  supports. 

Applying  this  equation  to  the  secondary  shaft  of  the  gear  box 
calculated  in  the  foregoing,  in  which  the  flexure  is  evidently  a 
maximum  when  the  low  gear  is  in  operation,  we  have 
P  =  1,693  pounds   /  =  8 .  563  inches 
5-344       ^  ^^ 

2  %*  -f  2  a;'  —  4  a;^  =  o.  II 
If  we  decide  to  allow  a  maximum  flexure  of  0.005  inch,  then 
1,693  X  8.56» 

and 

,      */  1,693  X  8.56*  Xo.  II  „  ,   .    , 

^  =  r   "^.800,000  X  0.005      =  ^ -28  -  ^«3'  lA  tnch. 

In  many  designs  of  change  gears  the  secondary  shaft  is  made 
of  somewhat  greater  diameter  in  the  middle  than  at  the  ends, 
with  the  object  of  securing  the  most  rigid  shaft  with  the  least 
material. 

The  primary  shaft,  since  it  has  substantially  the  same  span 
between  the  supports  and  is  subjected  to  the  same  loads  similarly 
located,  should  be  made  of  practically  the  same  diameter  as  the 
secondary  shaft ;  or,  rather,  it  should  have  a  cross  section  equiva- 
lent to  that  of  the  secondary  shaft  with  respect  to  bending 
stresses. 

Reverse  Qear  Arrangement — Various  arrangements  of  gears 
for  obtaining  the  reverse  motion  are  in  use.  The  most  common 
is  that  already  illustrated  in  Fig.  50,  in  which  the  secondary 
shaft  carries  a  reverse  pinion  sufficiently  smaller  than  the  low 
speed  pinion  to  allow  the  low  speed  gear  to  clear  it  when  shifted 
opposite  it.  This  reverse  pinion  meshes  with  a  reverse  idler  on 
a  special  shaft  mounted  parallel  with  the  primary  and  secondary 
shafts,  usually  in  the  lower  part  of  the  gear  box. 

A  somewhat  different  arrangement  is  shown  in  Fig.  58,  in 
which  /i  is  a  pinion  of  double  width  serving  for  both  the  low 
gear  and  the  reverse;  B  is  the  low  speed  and  reverse  gear  and 
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Fig.  58.--REVERSE  Gear    With  Two  Idlers. 


Ri  Ra  are  reversing  idler  gears  on  a  special  short  shaft  Sliding 
gear  B  is  shown  in  the  position  corresponding  to  the  reverse 
motion.  By  sliding  it  to  the  left  until  it  meshes  with  A  the  low 
forward  speed  is  obtained.  One  advantage  possessed  by  the  ar- 
rangement Fig.  58  over  that  of  Fig.  50  is  that  with  the  former 
there  is  less  strain  on  bearing  //  (at  the  rear  end  of  the  second- 
ary shaft)  than  with  the  latter  when  the  reverse  gear  is  oper- 
ating. 

The  two  types  of  reverse  gear  so  far  shown  are  used  in  three 
speed  selective  and  in  progressive  type  gears.  In  four  speed 
gears  the  reversing  idlers  may  be  arranged  slidably  (see  Fig.  59), 


Fig.  59.— Reverse  Gear  With   Sliding  Idlers. 
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and  by  means  of  a  separate  sliding  bar  slid  into  mesh  with  both 
the  low  speed  pinion  and  gear  while  the  latter  are  out  of  mesh. 
To  obtain  the  low  speed  forward,  gear  B  is  shifted  to  the  right 
into  mesh  with  pinion  A,  On  the  other  hand,  when  it  is  desired 
to  back  up»  gear  B  is  placed  in  the  neutral  position  (which  it 
occupies  in  the  illustration)  and  reversing  pinions  Ri  and  Rm  are 
slid  to  the  left  into  mesh  with  A  and  B  respectively,  as  shown. 

A  variation  from  this  design  which  permits  of  a  slight  reduc- 
tion in  the  length  of  the  gear  box  is  illustrated  in  Fig.  60.  In 
this  gear  the  reversing  idler  R  is  carried  on  a  swinging  arm  and 
is  swung  into  mesh  with  the  low  speed  gear  and  pinion,  instead 
of  being  slid  into  mesh. 

Direct  Drive  Clutch— There  are  two  types  of  direct  drive 
clutches  in  common  use,  viz.,  the  jaw  type,  illustrated  in  Fig.  61, 
and  the  spur  and  internal  gear  type,  shown  in  Fig.  62.  The 
former  type  consists  of  jaws  formed  on  the  adjacent  faces 
of  the  constantly  meshed  pinion  and  the  intermediate  speed  gear 
respectively.  Usually  each  part  has  four  such  jaws,  equal  in 
size,  and  subtending  at  the  axis  of  the  shaft  an  angle  slightly 
smaller  than  that  subtended  by  the  space  between  them.  The 
outer  edges  of  the  jaws  are  chamfered  to  facilitate  engagement 
The  radial  width  of  these  jaws  is  usually  made  about  one- 
quarter  the  shaft  diameter  and  the  length  the  same. 

Where  the  spur  and  internal  gear  type  of  clutch  is  employed 
the  constantly  meshed  pinion  often  serves  as  the  spur  member, 
and  the  intermediate  speed  gear  is  cut  with  internal  gear  teeth, 
in  addition  to  its  regular  spur  teeth,  to  serve  as  the  other  mem- 
ber. It  is  somewhat  difficult  to  cut  these  internal  gear  teeth. 
The  job  can  be  done  by  counterboring  the  rim  of  the  spur  gear 
and  then  planing  the  teeth,  but  it  is  a  much  preferable  plan  to 
use  a  form  of  mongrel  teeth  made  by  drilling  holes  into  a  solid 
gear  blatik  from  the  side  and  then  chambering  the  blank  out  so 
as  to  cut  away  half  of  the  stock  between  the  holes  (see  Fig.  62). 

Front  Bearing  of  Sliding  Gear  Shaft— Notwithstanding  the 
difficulty  of  keeping  such  a  bearing  effectively  lubricated,  a  plain 
bearing  is  often  used  at  the  forward  end  of  the  squared  or  fluted 
shaft,  on  which  the  gears  slide.  This  construction  renders  non- 
fluid  oil  unsuitable  as  a  gear  box  lubricant.  With  a  fluted  shaft 
the  journal  would  be  made  about  three-quarters  the  diameter  of 
the  shaft  proper  so  as  to  give  a  substantial  shoulder,  and  about 
three  diameters  long.  As  in  the  case  of  the  engine  tailshaft,  large 
oil  holes  and  grooves  are  necessary,  and  the  scheme  of  lubri- 
cation should  be  carefully  worked  out. 


Digitized  by  VjOOQ IC 


SLIDING  CHANGE  SPEED  GEARS. 


103 


Fig.  6o. — ^Reverse  Gear  With  Lever-Supported  Idler. 

Instead  of  a  plain  bearing,  a  cylindrical  roller  bearing  consist- 
ing of  long,  thin  rollers  is  sometimes  used,  extending  into  the 
counterbore  of  the  shaft,  the  same  as  the  plain  bearing.  How- 
ever, a  more  common  construction  is  to  use  either  a  single  or  a 


Fig.  6i. — Direct  Drive  Jaw  Clutch. 
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double  row  non-adjustable  ball  bearing,  as  illustrated  in  Fig.  62. 
Some  designers  use  a  specially  large  constant  mesh  pinion  in 
order  to  be  able  to  accommodate  a  ball  bearing  of  sufficient 
capacity,  obtaining  the  required  reduction  ratios  by  using  very 
small  intermediate,  low  speed  and  reverse  pinions  on  the  second- 
ary shaft.  The  light  series  of  ball  bearings  is  naturally  best 
adapted  for  tjiis  purpose,  since  it  has  the  least  radial  depth  for  a 
given  load  capacity.  However,  double  row  bearings  seem  to  be 
preferred  for  this  point,  since  it  is  difficult  to  find  room  for  a 
bearing  of  ample  capacity. 

Sliding  Gear  Siiaft — As  already  pointed  out,  in  the  earlier 
sliding  change  gears  the  sliding  pinions  were  slid  on  squared 


Fig.  62. — DiKECT  Drive    Spur  and  Internal  Gear  Clutch. 

shafts.  These  are  still  used  to  a  slight  extent,  but  have  for  the 
most  part  been  replaced  with  splined  or  integral  key  shafts.  The 
two  types  of  shafts  are  shown  in  cross  section  in  Fig.  63.  So- 
called  squared  shafts  are  not  absolutely  square,  but  have  rounded 
corners.  They  are  made  from  round  shafts  by  milling  four  flats 
on  them  to  such  a  depth  that  the  distance  between  opposite  flats 
is  0.8  the  diameter  across  the  corners,  or  the  diameter  of  the 
original  shaft.  Denoting  the  side  of  the  square  formed  by  the 
flats  by  h,  the  torsional  strength  of  such  a  shaft  is  about  0.21  h*S 
inch  pounds,  h  being  given  in  inches.  The  flats  are  often  fin- 
ished by  grinding,  and  if  the  shaft  is  to  carry  long  sleeves  sup- 
porting the  sliding  gears,  they  are  sometimes  cut  with  wavy  oil 
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grooves  so  that  oil  may  flow  to  parts  of  the  shaft  that  are  never 
exposed  by  the  sliding  members.  Some  makers  bore  the  hole 
in  the  gear  to  a  slightly  greater  diameter  than  the  side  of  the 
squared  shaft,  so  that  when  the  hole  is  broached  out,  from  two- 
thirds  to  three-fourths  of  its  side  will  be  a  plane  surface  and 
the  rest  cylindrical.  (See  Fig.  64.)  This  facilitates  the  broach- 
ing, tends  to  obviate  gripping  of  the  sliding  members  and  does 
not  appreciably  reduce  the  effective  bearing  surface,  because  the 
pressure  is  localized  near  one  edge  of  the  flat. 

As  compared  with  the  squared  shaft,  the  splined  shaft  pos- 
sesses the  advantage  that  it  takes  the  torsional  load  perpendicu- 
larly on  the  sides  of  the  splines,  wfiereas  in  a  squared  shaft  most 
of  this  load  comes  close  to  one  edge  of  the  flats,  with  the  result 
that  in  the  latter  the  unit  pressure  may  become  very  high  and 


Fig.  63. — Sections  of  Squared  and  Splined  Shafts. 

the  lubricant  may  in  consequence  be  squeezed  out,  which  is  not 
likely  to  occur  with  a  splined  shaft. 

In  American  practice,  splined  gear  shafts  are  made  with  four 
splines  for  small  and  moderate  sized  gear  boxes,  while  in  large 
gear  boxes  six  splines  are  used.  European  practice  tends  to  a 
more  general  use  of  six  splines.  Uneven  numbers  of  splines  have 
also  been  used,  but  they  are  subject  to  the  disadvantage  that 
they  make  it  very  difficult  to  caliper  the  diameters  of  the  shaft 
accurately.  The  ratio  of  the  bottom  diameter  of  a  splined  shaft 
to  the  top  diameter  or  diameter  over  the  splines  is  generally 
about  o.8»  and  the  width  of  the  splines  is  made  about  one- 
quarter  the  bottom  diameter,  or  0.2  times  the  outside  diameter. 

Practice  varies  as  to  the  manner  of  locating  the  gears.    Some 
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manufacturers  grind  the  outside  of  the  shaft— that  is,  the  top 
surfaces  of  the  keys,  and  let  the  gear  ride  on  these  surfaces, 
using  the  broached  hole  in  the  gear.  Others  grind  out  the  hole 
in  the  gear  (after  the  latter  has  been  hardened)  true  with  the 
pitch  circle  or  the  bottom  circle,  and  let  the  gear  ride  on  the 
bottom  surface  of  the  splined  shaft  Both  methods  involve  cer- 
tain difficulties,  and  it  is  hard  to  say  which  is  the  better  of  the 
two,  everything  considered. 

Proportions  of  Gears — ^The  rims  of  gears  below  the  tooth 
annulus  are  made  of  a  thickness  varying  from  0.5  to  0.6  the 
circular  pitch,  and  the  webs  abgut  the  same.  Since  teeth  of  6  and 
6-8  pitch  are  used  almost  exclusively  in  sliding  gears,  whose  cir- 


FiG.  64. — Broached  Sliding 
Gear  with  Part  of 
Flat  Relieved. 


Fig.  65.  —  Flange 
Bolted  Gears  on 
Secondary 
Shaft. 


cular  pitch  is  0.52  inch,  both  rim  and  webs  are  generally  made 
%  inch  thick.  When  the  web  is  located  to  come  flush  with  one 
side  of  the  rim,  the  latter  may  taper  from  Ji  to  A  inch  in  width, 
but  it  is  undoubtedly  preferable  to  have  the  web  central  In  this 
connection  it  is  worth  remembering  that  substantial  rims  and 
webs  and  liberal  fillets  tend  to  quiet  operation,  and  the  general 
tendency  seems  to  be  toward  a  slight  increase  in  the  thickness 
of  the  sections.  The  smaller  pinions,  of  course,  are  made  solid, 
and  only  the  larger  gears  are  webbed.  As  regards  the  secondary 
shaft  gears,  in  American  practice  they  are  generally  secured  to 
the  shaft  by  means  of  Woodruff  keys,  while  European  designers, 
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as  a  rule,  flange-bolt  the  gears  to  the  shaft  or  to  a  sleeve  keyed 
to  the  shaft  Frequently  the  gears  for  the  two  intermediate 
speeds  are  bolted  to  the  same  flange,  as  shown  in  Fig.  65.  One 
of  the  reasons  for  flange-bolting  the  gears  is  that  they  are  then 
of  very  simple  form  and  are  not  so  likely  to  distort  in  harden- 
ing. To  insure  concentricity  the  web  of  the  gear  is  bored  out 
to  fit  accurately  over  an  enlargement  of  the  shaft.  The  gears 
may  also  be  riveted  to  the  flanges. 

The  gears  on  the  secondary  shaft  must  be  accurately  and  se- 
curely fixed  in  position  longitudinally,  and  this  is  generally  ac- 
complished by  turning  the  shaft  with  a  collar  near  its  middle 
against  which  a  gear  is  forced  from  either  end,  and  using  tubu- 
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Fig.  66. — Secondary   Shaft  Assembled  With  Geass  and 
Bearings. 

lar  spacers  between  these  inner  and  the  outer  gears  on  the  shaft, 
as  shown  in  Fig.  66.  The  method  of  pressing  the  gears  onto 
the  shaft  is  illustrated  in  Fig.  67. 

Manufacture  of  Gears— Blanks  for  the  pinions  and  gears 
of  sliding  gear  sets  are  made  either  from  bar  stock  or  from  drop 
forgings,  the  larger  blanks  being  generally  forged  on  account 
of  the  saving  in  machine  work.  Before  any  work  is  done  upon 
the  blanks  they  should  be  annealed  to  remove  the  forging  strains, 
and  thus  obviate  undue  distortion  during  the  subsequent  heat 
treatment. 

It  is  not  intended  to  go  extensively  into  the  question  of  gear 
cutting  in  this  volume,  because  it  is  an  involved  subject  and  has 
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been  ably  treated  in  special  works.  Suffice  it  to  say  that  gear 
teeth  are  either  milled  by  means  of  formed  cutters,  or  planed 
with  ordinary  cutters,  which  by  means  of  templates  or  other 
devices  are  moved  so  as  to  produce  the  proper  shape  of  tooth. 
In  all  gear  cutting  there  are  two  operation^,  the  rough  cutting 
or  stocking  and  the  finish  cutting.  Only  very  little  stock  should 
be  left  for  the  latter  operation,  so  that  there  may  be  very  little 


Fig.  67.— Forcing  Gears  Onto  Secondary  Shaft. 

strain  on  the  cutting  tool,  and  thus  the  highest  degree  of  ac- 
curacy attained. 

After  the  teeth  are  finish-cut,  the  ends  from  which  the  gears 
are  to  be  meshed  have  to  be  chamfered.  This  may  be  done  by 
means  of  a  milling  machine  attachment,  as  illustrated  in  Fig. 
68.  The  attachment  is  clamped  to  the  table  of  the  milling  ma- 
chine, and  the  chamfering  tool  is  held  in  the  spindle  of  the  latter. 


Digitized  by 


Google 


SLIDING  CHANGE  SPEED  GEARS.  109 

The  attachment  comprises  a  work  spindle  on  which  the  gear  to 
be  chamfered  is  mounted,  which  is  alternately  fed  toward  and 
away  from  the  revolving  cutter  by  means  of  a  cam  driven 
through  gearing  from  the  main  shaft  of  the  attachment.  On  a 
secondary  shaft  is  mounted  a  worm  of  the  same  pitch  as  that 
of  the  gear  to  be  chamfered  and  in  which  it  is  meshed.  This 
secondary  shaft  is  driven  through  gears  from  the  main  shaft. 
The  main  shaft  is  driven  by  belt  from  an  overhead  countershaft, 
which  is  entirely  independent  of  the  milling  machine  counter- 
shaft.   As  the  main  shaft  revolves  the  worm,  meshing  with  the 


Fig.  68.— "Long  Arm"  Tooth  Chamfering  Attachment. 

gear  to  be  chamfered,  turns  it,  and  at  the  proper  intervals  the 
cam  mechanism  feeds  it  toward  and  away  from  the  V-shaped 
revolving  cutter.  The  gear  to  be  chamfered  is  thus  automati- 
cally indexed. 

The  contour  of  the  chamfering  may  be  changed  by  using  spe- 
cial cams,  or  special  cutters,  or  both.  The  profile  at  the  end 
of  the  tooth  may  be  changed  by  swiveling  the  attachment  on  the 
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table.    The  end  of  the  tooth  may  thus  be  left  at  right  angles 
with  the  axis  of  the  gear  or  at  any  desired  angle. 

The  next  operation  in  the  manufacture  of  the  gears  is  to  harden 
or  case-harden  them.  In  case-hardened  gears,  if  it  is  desired 
that  any  portion  of  the  surfaces  should  remain  soft,  this  can 
easily  be  accomplished  by  leaving  about  ^  inch  extra  stock  on 
these  surfaces  and  removing  it  after  the  gear  is  carbonized  and 
before  it  is  quenched.  This  practice  also  tends  to  prevent  undue 
distortion  of  the  gear  during  the  quenching.  Another  process 
designed  to  accomplish  the  same  purpose,  and  which  is  undoubt- 
edly less  expensive,  consists  in  copper-plating  the  gears  just 
before  the  finishing  cut  is  taken  and  the  ends  are  chamfered. 
The  result  is  that  when  the  gears  are  carbonized  after  these 
machining  operations  only  those  portions  of  the  gear  from  which 
the  copper  shell  is  removed  will  take  up  carbon  from  the  pack 
and  will  become  hardened  on  being  quenched.  Gears  thus  treated 
are  so  little  distorted  by  the  quenching  that  they  can  readily  be 
corrected  to  the  desired  degree  of  accuracy. 

Every  effort  must  be  made  in  the  manufacture  of  gears  to 
get  every  part  as  nearly  true  as  possible.  It  would  not  seem 
to  matter  much  whether  or  not  the  sides  of  the  gear  blanks  are 
turned  absolutely  true.  This,  however,  is  quite  essential,  for  the 
reason  that  gears  are  generally  cut  in  "gangs,"  a  considerable 
number  of  them  being  forced  over  a  mandrel  and  the  milling 
cutter,  etc,  then  being  fed  through  the  whole  set  in  one  opera- 
tion. Now,  if  the  sides  of  the  blanks  are  not  absolutely  parallel 
there  is  a  tendency  to  distort  the  mandrel  when  the  hut  is  turned 
up,  and  thus  to  produce  irregularity  in  the  teeth. 

For  the  grinding  of  the  hole  after  the  teeth  are  cut,  as  .re- 
ferred to  in  the  foregoing  in  connection  with  splined  shafts,  a 
special  fixture  is  required  for  holding  the  gears.  This  consists 
of  a  face  plate  with  several  studs  driven  into  it  parallel  with  its 
axis  and  at  such  a  distance  therefrom  that  they  fit  accurately 
between  the  teeth  of  the  gear  at  the  pitch  circle.  These  locate 
the  gear  concentrically  with  the  grinder  spindle,  and  it  may  then 
be  held  in  position  by  means  of  a  couple  of  clamping  plates  and 
bolts.  The  fixture  serves  also  as  a  rough  gauge  for  indicating 
the  accuracy  of  the  gear  cutting  operation.  If  the  teeth  have 
been  cut  too  deep,  the  gear  will  be  loose  in  the  fixture,  whereas 
if  they  have  not  been  cut  deep  enough  it  will  not  enter  between 
the  studs. 

Tester  for  Gears — A  more  delicate  gauge  or  gear  tester 
is  made  as  follows  (Fig.  69) :   A  vertical  shaft  A  is  fixed  to  a 
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base  and  provided  with  a  bushing  over  which  fits  the  gear  to  be 
tested  An  eccentric  stud  B  is  mounted  on  the  base  in  such  a  po- 
sition that  when  the  line  between  its.  centres  is  perpendicular  to 
the  line  between  the  axis  of  its  top  portion  and  that  of  the  fixed 
stud,  the  distance  between  the  latter  two  axes  is  the  exact  dis- 
tance between  the  axes  of  the  gear  shafts.  An  indicating  hand 
or  pointer  C  secured  to  the  eccentric  stud  then  points  to  zero. 
The  pointer  moves  over  a  double  scale,  and  therefore  shows 
exactly  how  much  the  gear  is  either  too  small  or  too  large. 

Unless  the  teeth  are  finished  by  grinding  after  hardening— a 
process  that  is  seldom  applied  at  present — some  allowance  must 


Fig.  69. — Gear  Tester. 

be  made  for  swelling  or  distortion  during  the  hardening  process, 
by  either  cutting  each  of  the  gears  0.005  to  0.010  inch  small  on 
the  pitch  diameters,  or  else  placing  the  two  shafts  that  much  far- 
ther apart  than  the  calculated  distance. 

Sliders — The  individual  sliding  members  in  a  gear  set  are 
operated  by  means  of  sliding  bars,  H  to  }i  inch  in  diameter,  and 
arranged  parallel  with  the  gear  shafts,  which  carry  forks  that  fit 
into  grooves  formed  in  the  projecting  hubs  of  the  gears.  Two 
such  sliding  bars  are  provided  in  all  three  speed  gears,  and  three 
in  some  four  speed  gears.    Generally  the  sliding  bars  are  placed 
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side  by  side,  but  sometimes  they  are  arranged  concentrically. 
The  sliders  are  located  inside  the  gear  box  near  one  of  the  side 
walls  thereof,  and  have  their  bearings  in  the  end  walls.  In  order 
to  insure  accurate  meshing  of  the  geafs,  as  well  as  to  lock  them 
out  of  mesh,  a  locking  arrangement  similar  to  that  illustrated 
in  Fig.  70  must  be  provided.  It  consists  of  a  spring  pressed 
plunger  or  ball  which  enters  V  slots  in  the  sliding  bar,  corre- 
sponding to  the  neutral  position  of  the  sliding  stt  and  the  two 
or  more  positions  of  engagement,  respectively.  These  locking 
dogs  will  hold  the  slider  in  the  neutral  position  when  it  is  dis- 
connected from  the  operating  lever  and  enable  the  driver  to  find 
the  correct  meshing  position  when  it  is  connected  thereto.  While 
this  method  of  locking  the  sliders  is  not  positive,  it  is  sufficiently 
dependable  for  all  practical  purposes.    In  one  design  of  selective 


Fig.  70. — Locking  Dog    for  Gear  Suder. 

gear  the  operation  of  picking  up  one  slider  with  the  shifting 
lever  entails  the  automatic  and  positive  locking  of  the  other 
sliders. 

Mounting  of  Bearings — If  the  gear  case  is  made  of  aluminum 
and  anti-friction  bearings  are  used,  the  latter  are  generally 
mounted  in  bronze  bushings,  instead  of  directly  in  the  casing. 
This  practice  was  introduced  because  the  aluminum  was  con- 
sidered too  soft,  and  it  was  thought  necessary  to  distribute  the 
pressure  over  a  greater  surface  than  that  of  the  bearings  alone. 
With  the  improvements  which  have  been  made  in  aluminum  al- 
loys in  recent  years  this  is  no  longer  absolutely  necessary,  but 
the  practice  is  still  adhered  to  by  a  great  many  designers.  The 
bushings  are  provided  with  outward  radial  flanges  so  as  to  be 
held  securely  against  endwise  motion. 
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The  inner  races  of  radial  ball  bearings  should  always  be 
forced  onto  the  shaft  under  moderate  pressure,  and  should  be 
securely  clamped  between  a  substantial  shoulder  on  the  shaft 
and  a  nut  which  is  locked  by  some  approved  means.  Of  the 
outer  races  on  a  single  shaft  not  more  than  one  should  be  firmly 
secured  in  a  lengthwise  direction,  as  otherwise  there  is  danger 
of  subjecting  the  bearings  to  undue  end  thrust. 

Taking  up  the  bearings  on  the  secondary  shaft  first,  the  inner 
races  are  secured  to  the  shaft  as  above  described.  Of  the  outer 
races  one  may  be  clamped  between  an  inward  flange  on  the 
bushing  and  the  bearing  end  cap,  as  shown  in  Fig.  71A,  and  the 
other  one  made  a  sliding  or  "suction"  fit  in  the  casing  or  bush- 


FiG.  71. — Mountings  for  Secondary   Shaft  Bearings. 

ing  and  left  free  to  move  endwise.  An  alternate  arrangement 
consists  in  leaving  both  outer  races  free  endwise  and  taking  up 
the  end  thrust  on  hardened  thrust  buttons  fitted  into  the  shaft 
ends  and  the  bearing  caps,  respectively.  Set  screws  with  rounded 
points  may  be  screwed  through  the  centres  of  the  caps  to  take  the 
place  of  the  buttons  therein  as  shown  at  B  in  Fig.  71. 

The  rule  that  the  inner  races  must  be  firmly  clamped  between 
a  shoulder  and  a  nut  or  spacer  applies  to  all  bearings.  Like- 
wise, if  there  are  two  or  more  bearings  on  one  shaft,  the  outer 
races  of  all  but  one  of  them  should  be  free  endwise,  and  if  a 
thrust  bearing  is  used  in  addition  to  radial  bearings,  the  outer 
races  of  all  the  latter  should  be  free.     In  some  cases  the  for- 
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ward  bearing  on  the  primary  shaft  is  subjected  to  the  end  thrust 
of  the  clutch  spring,  and  should  then  be  provided  with  a  ball 
thrust  bearing.  This  is  generally  placed  between  the  two  radial 
bearings.  However,  the  necessity  of  firmly  clamping  both  of  the 
inner  races  on  the  shaft  and  allowing  the  outer  races  some  end- 
wise motion  should  not  be  lost  sight  of  in  this  case.  Fig.  72 
shows  two  ways  in  which  these  requirements  can  be  met.  At  A 
is  shown  the  Alco  design,  which  employs  a  single  thrust  bearing. 
The  design  shown  at  B  is  taken  from  a  paper  read  by  F.  G. 
Barrett  before  the  Institute  of  Automobile  Engineers,  London, 
on  February  14,  191 2.  With  the  latter  design  the  thrust  bear- 
ings can  be  properly  adjusted  and  the  adjustments  locked  before 
these  bearings  are  placed  on  the  shaft. 

Qeared-up   Fourth   Speed — The  greatest  transmission  effi- 
ciency and  the  most  silent  operation  are  obtained  with  the  direct 


A  B 

Fig.  ^2, — Mountings  for  Primary  Shaft  Bearings. 

drive,  and  the  designer,  therefore,  should  strive  to  so  propor- 
tion his  gear  reduction  that  the  car  can  be  driven  on  direct 
drive  under  all  normal  conditions.  This  means  that  there  should 
be  a  relatively  large  reduction  between  the  gear  box  and  rear 
wheels.  However,  in  many  types  of  cars  very  high  maximum 
speeds  are  desired,  which  conflicts  with  the  requirement  of  a 
high  reduction  ratio  in  the  final  drive.  These  conflicting  require- 
ments led  to  the  construction  of  four  speed  gears  in  which  the 
direct  drive  is  the  third  speed,  and  the  fourth  is  a  geared-up 
speed,  25  to  30  per  cent,  higher  than  the  direct  drive.  Fig.  73 
shows  the  lay-out  of  the  Winton  change  gear,  which  is  of  this 
type.  The  geared-up  speed  is  obtained  by  placing  on  the  second- 
ary shaft  near  its  rear  end  a  gear  with  a  larger  pitch  diameter 


Digitized  by 


Google 


SUDING  CHANGE  SPEED  GEARS. 


115 


than  ^he  constantly  meshed  gear,  adapted  to  be  meshed  with  a 
sliding  pinion  on  the  driven  primary  shaft  of  a  smaller  pitch 
diameter  than  the  constantly  meshed  pinion.  In  a  gear  of  this 
type  it  is  advantageous  to  keep  the  reduction  ratio  of  the  con- 
stantly meshed  pair  of  gears  low,  as  otherwise  the  pitch  line 
velocity  of  the  high  speed  gears  will  be  very  high  and  their 
operation  is  likely  to  be  attended  by  considerable  noise. 

Qear  Cases— The  gear  cases  of  nearly  all  pleasure  cars  are 
cast  of  aluminum  alloy  of  the  same  composition  as  that  used 


Fig.  73. — Layout  of  Winton  Change  Gear  With  Geared-up 
Fourth  Speed. 

for  the  engine  crank  case.  However,  manganese  bronze  is  also 
used  for  that  part  of  the  case  which  supports  the  shafts  and  on 
which  the  greater  part  of  the  strain  comes.  The  gear  boxes  of 
many  motor  trucks,  especially  those  of  European  design,  arc 
made  of  cast  steel. 
There  are  two  common  arrangements  of  the  shafts  in  a  gear 
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box.  Either  the  secondary  shaft  is  located  directly  underneath 
the  primary  shaft  or  the  two  shafts  are  located  in  a  horizontal 
plane.  There  is,  of  course,  a  third  possible  arrangement,  where 
the  plane  of  the  shafts  is  neither  horizontal  nor  vertical,  but  this 
is  seldom  met  with.  Taking  up  first  the  case  of  shafts  in  a  verti- 
cal plane,  the  gear  box  may  be  cast  in  a  single  piece  except  for  a 
large  hand-hole  cover  plate  (Fig.  74)  ;  it  may  be  made  of  a 
shell,  two  end  plates  and  a  hand-hole  cover,  or  it  may  be  divided 
horizontally  through  the  centre  of  the  primary  shaft  bearings. 
Where  the  shafts  are  in  a  horizontal  plane  the  box  may  be  cast 
in  a  single  piece  with  a  large  cover  plate  (Fig.  75),  or  it  may  be 


Fic.  74.— One-Piece  Gear  Case  With  Gear  Shafts  in  Vertical 

Plane. 

in  halves  joined  through  the  centres  of  the  bearings  (Fig.  76). 
One-piece  gear  boxes  with  shafts  in  a  vertical  plane  seem  to  be 
preferred  in  connection  with  unit  power  plants,  probably  on 
account  of  the  symmetry  of  outline  obtainable  with  them.  An 
approach  to  symmetry  can  also  be  obtained  with  a  gear  box 
whose  shafts  are  in  a  horizontal  plane,  by  placing  the  shifter 
bars  on  a  level  with  the  gear  shafts  and  allowing  about  the  same 
space  in  the  case  for  these  bars,  the  selecting  lever  and  the  lock- 
ing dogs  as  for  the  secondary  shaft  and  gears. 

The  cases  must  accommodate  not  only  the  gears  and  shafts 
but  also  the  slider  bars,  and  in  most  cases  also  the  selecting 
lever,  though  in  some  instances  this  is  located  outside  the  case. 
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Fig.  75.— One-Piece  Gear  Case  With  Gear  Shafts  in  Hori- 
zontal Plane. 

Usually  there  is  a  special  lever  house  formed  integral  with  or 
secured  to  the  cover  plate  or  top  half  of  the  case,  in  which  the 
shifter  lever  moves,  the  shaft  of  the  gear  shifting  hand  lever 
passing  through  the  side  walls  of  this  housing. 

The  tendency  among  American  designers  is  to  use  "functional" 
gear  cases;  that  is,  cases  with  an  irregular  projection  on  a  plane 
parallel  to  that  of  the  gear  shafts,  whose  walls  at  nearly  every 
point  lie  close  to  some  part  to  be  enclosed.  European  designers, 
on  the  other  hand,  seem  to  be  inclined  toward  box-like  gear 
cases  whose  longitudinal  walls  are  parallel  and  whose  section  is 


Fig.  76.— Gear  Case  Divided  Through  Axes  of  Shafts. 
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such  as  to  cover  with  a  margin  the  end  projection  of  the  entire 
gear.  The  functional  case  is  less  bulky  and  probably  somewhat 
stronger  than  the  box-like  case,  but  the  latter  requires  a  simpler 
pattern  and  is  easier  to  keep  clean. 

Wall  and  Joint  Dimensions — Gear  cases  cast  of  aluminum 
are  made  with  walls  from  A  to  ^  inch  thick.  At  the  joint  a 
flange  is  run  around  the  outside  on  each  part  which  makes  the 
width  from  H  to  H  ii^c^y  the  flange  being  made  %  to  }i  inch 
high  and  joined  to  the  wall  of  the  case  with  a  liberal  fillet  The 
halves  are  held  together  by  A  inch  bolts  and  nuts  (fi  inch  in 
extra  large  gears)  spaced  3  to  4  inches  apart  Substantial  lugs 
must  be  provided  for  these  bolts,  not  less  than  ^  inch  high. 

Supporting  Methods — Gear  cases  are  supported  on  a  sub- 
frame,  on  cross-members  of  the  main  frame  or  on  the  main 
frame  itself,  the  latter  arrangement  being  rare.  Where  a  sub- 
frame  is  employed  for  carrying  the  engine  and  gear  box,  the 
axis  of  both  usually  lie  from  i  to  i^  inches  below  the  top  or 
supporting  surface  of  the  frame  members,  whereas  if  the  parts 
are  supported  on  the  main  frame  their  axis  lies  from  4  to  7 
inches  below  ttie  top  surface  of  the  latter.  The  simplest  method 
of  supporting  the  gear  case  is  that  by  means  of  a  sub-frame,  and 
this  is  generally  used  where  the  shafts  are  in  a  vertical  plane. 
Four  short  arms  are  then  cast  integral  with  the  case,  whose  sup- 
porting surface  is  from  i  to  i^  inches  above  the  axis  of  the 
primary  shaft,  and  the  gear  box  is  rested  on  top  of  the  sub- 
frame.  Gear  cases  are  also  often  provided  with  what  is  known 
as  a  three-point  support;  that  is,  the  case  is  cast  with  two  arms 
at  one  end,  resting  either  on  a  sub-frame  or  on  a  cross-member 
of  the  main  frame,  and  at  the  other  end  is  supported  in  a  trun- 
nion carried  on  a  cross-member  of  the  frame  and  surrounding  the 
primary  bearing  hub.  This  gives  a  true  three-point  support  An 
approximation  to  a  three-point  support  is  obtained  by  using, 
instead  of  the  trunnion,  two  bolts  passing  through  lugs  on  the 
gear  box  on  opposite  sides  of  the  primary  bearing,  and  through 
a  cross-member  of  the  frame. 

When  cross-members  of  the  main  frame  are  used  for  support- 
ing the  gear  box,  the  latter  is  frequently  hung  or  suspended  from 
them,  so  that  it  drops  right  out  of  the  car  when  the  supporting 
bolts  are  removed.  Gear  cases  divided  through  the  centres  of 
the  shafts  may  have  the  arms  cast  on  either  half.  The  arms  are 
often  extended  out  from  the  sides  of  the  box  and  are  swung  to 
the  front  and  rear  respectively,  so  that  the  frame  cross-members 
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will  clear  the  box  proper,  endwise,  thus  making  it  possible  to 
place  these  supporting  members  lower. 

Machining  of  gear  cases  involves  little  difficulty.  If  the  case 
is  made  in  halves  the  first  operation  consists  in  milling  the  faces 
of  the  joint,  of  the  seat  for  the  cover  plate  and  of  the  supporting 
arms.  Next  the  holes  of  the  joint  are  drilled  in  a  multiple 
spindle  drill,  and  finally  the  bearing  holes  are  bored  out  and 
faced  off.  If  the  whole  case  is  cast  in  a  single  piece,  the  machin- 
ing of  the  joint  is  eliminated  and  considerable  work  is  saved. 
Divided  gear  cases  are  used  only  on  the  more  expensive  cars. 

Lubrication  of  Qear  Boxes — Gear  boxes,  as  a  rule,  are  par- 
tially filled  with  non-fluid  oil,  but  those  having  a  parallel  bearing 
on  the  sliding  shaft  generally  require  a  fluid  lubricant  For  easy 
introduction  of  lubricant  a  hole  is  provided  in  the  cover  plate, 
closed  by  means  of  a  screw  plug,  and  for  washing  out  stale  lubri- 
cant with  kerosene  or  gasoline  a  drain  plug  is  provided  at  the 
lowest  point  in  the  bottom  of  the  case.  Proper  precautions  must 
be  taken  to  prevent  the  oil  or  grease  from  working  out  through 
the  joints  of  the  case  and  around  the  bearings.  The  ends  of  the 
secondary  shaft  bearings  are  closed  by  caps,  and  stuffing  boxes 
or  felt  washers  shotdd  be  placed  on  the  primary  shaft  where 
it  extends  through  the  bearings.  Paper  gaskets  are  placed  be- 
tween the  several  parts  of  the  case. 

Running-in  of  Cliange  Qear^After  a  change  gear  is  as- 
sembled it  is  run  from  a  line  shaft  for  some  time  in  order  to 
limber  up  its  parts.  While  this  running-in  is  taking  place 
the  case  must  be  well  supplied  with  lubricant.  It  was  formerly 
customary  to  'lap"  the  gears  in  by  running  them  with  the  case 
partly  filled  with  a  mixture  of  emery  powder  and  oil,  using 
dummy  bearings  for  the  purpose,  but  this  is  no  longer  considered 
necessary. 

The  reverse  idler  is  carried  on  a  plain  bearing.  A  short 
shaft  is  usually  secured  into  a  hub  cast  on  the  wall  of  the  casing 
and  an  integral  support  rising  from  the  base  of  the  latter,  and 
the  idler  is  bushed  with  bronze  and  runs  free  on  this  shaft. 
Large  oil  holes  are  drilled  radially  through  this  gear  and  large 
oil  grooves  are  cut  in  the  shaft. 

Efficiency  of  Operation — Comprehensive  tests  of  the  ef- 
fiency  of  a  sliding  pinion  change  gear  were  made  some  years 
ago  by  the  H.  H,  Franklin  Mfg.  Company,  of  Syracuse,  N.  Y., 
and  were  reported  in  The  Horseless  Age  of  February  12,  1908, 
by  G.  Everett  Quick.    The  gear  tested  was  of  the  three  speed 
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and  reverse  progressive  sliding  type.  Its  shafts  were  mounted 
on  radial  ball  bearings  but  the  forward  bearing  of  the  sliding 
shaft  was  hardened  steel  in  bronze.  All  gears  were  cut  with  six 
pitch  teeth  of  ^  inch  face  and  were  made  of  yA  per  cent,  nickel 
steel,  heat  treated.  A  sketch  of  the  gear  is  shown  in  Fig.  77. 
The  method  of  making  the  test  was  as  follows: 

A  direct  current  electric  motor  was  provided  with  a  counter- 
shaft and  a  pulley  thereon  capable  of  serving  as  the  pulley  of  a 
brake  dynamometer.  The  electric  motor  was  then  carefully 
calibrated;  that  is,  tests  were  made  to  accurately  determine  the 
horse  power  output  for  any  input  in  amperes,  the  voltage  re- 
maining constant.  After  a  calibration  curve  had  been  plotted, 
the  electric  motor  was  connected  to  the  driven  end  of  the  change 
gear  and  the  brake  dynamometer  was  transferred  from  the  elec- 
tric motor  to  the  driving  end  of  the  change  gear.  When  a  run 
was  then  made  and  the  electric  motor  consumed  a  certain  num- 
ber of  amperes,  the  power  applied  to  the  change  gear  could  be 
read  off  directly  from  the  calibration  curve  of  the  electric  motor 
and  the  power  delivered  by  the  change  gear  could  simultaneously 
be  determined  by  taking  readings  of  the  dynamometer.  The 
quotient  of  the  power  delivered  by  the  change  gear  to  the  power 
applied  to  it  then  gave  the  efficiency.    The  results  obtained  are 
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Fig.  77.— Layout  of  Franklin  Gear  Box  Tested. 
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Fig.  78.— Efficiency  Curves  of  Frankun  Gear  Box. 
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plotted  in  the  curves  Fig.  7a  It  will  be  seen  that  on  the  direct 
drive  the  efficiency  under  the  most  favorable  conditions  of  speed 
and  output  is  about  98  per  cent  On  the  intermediate  gear  the 
efficiency  rises  slightly  above  95  per  cent  On  the  low  gear  it 
attains  94  per  cent  and  on  the  reverse  about  87  per  cent. 

The  change  gear  used  in  making  the  tests  had  been  run  about 
1,000  miles  in  a  demonstrating  car,  and  the  case  was  about  half 
full  of  heavy  lubricating  oil  during  the  test.  A  study  of  the 
curves  will  show  how  a  difference  in  the  pitch  line  velocity  of 
the  gear  and  different  ratios  affect  the  efficiency.  Most  previous 
investigations   of  gearing  efficiency  were  made  at  lower   pitch 


Fig.  79.— Cotta  PosmvE  Clutch  Change  Gear. 

line  velocities.     The  speeds  indicated  in  the  curves  are  those 
at  the  driven  end  of  the  gear. 

Positive  Clutch  Change  Gears — ^A  design  of  change  gear 
somewhat  related  to  the  sliding  gear  type  is  that  in  which  all  of 
the  gears  remain  constantly  in  mesh  and  the  gears  on  the  primary 
shaft  are  normally  free  to  turn  thereon  but  may  be  fixed  to  the 
shaft  by  means  of  positive  clutches.  These  clutches,  if  of  the  jaw 
type,  are  proportioned  the  same  as  those  used  for  the  direct 
drive  in  sliding  change  gears.  Difficulties  due  to  meshing  of  the 
teeth  are  avoided  by  the  construction,  but  a  gear  of  this  type  is 
considerably  longer  than  a  sliding  gear  of  the  same  capacity  and 
number  of  gear  changes.  Instead  of  jaw  clutches,  internal  and 
external  gear  clutches  may  be  used.  The  gears  on  the  primary 
shaft  must  be  held  against  endwise  motion  while  the  movable 
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clutch  members  must  be  free  to  slide  on  the  primary  shaft  on 
keys  or  squares.  A  change  gear  of  this  type  is  illustrated  in 
Fig.  79. 

Silent  Chain  Change  Gears — ^The  recent  quest  for  silent 
operation  has  led  to  the  adoption  of  silent  chains  instead  of  spur 
gears  in  change  gear  boxes  by  a  few  European  manufacturers. 
A  notable  example  of  the  use  of  these  chains  is  found  in  the 
gear  boxes  of  London  motor  omnibuses.  Fig.  80  illustrates  this 
change  gear,  which  employs  Coventry  silent  chains.  As  in  the 
case  of  constantly  meshed  gear  sets,  positive  clutches  of  either 
the  jaw  or  internal-external  gear  type  have  to  be  used,  and  this 
combined  with  the  fact  that  for  the  transmission  of  a  certain 
amount  of  power  the  chain  must  be  considerably  wider  than  the 
face  of  a  spur  gear,  makes  the  gear  set  rather  long.    This  ne- 


FiG.  80. — Silent  Chain  Change  Gear. 

cessitated  the  use  of  a  pair  of  intermediate  bearings  in  the  design 
here  shown.  Naturally,  the  shaft  centre  distance  also  has  to  be 
greater  than  in  a  sliding  gear,  and  this  results  in  a  rather  bulky 
gear  box.  However,  the  London  experience  with  these  gear 
boxes  has  shown  that  not  only  do  they  operate  noiselessly,  but 
the  chains,  notwithstanding  their  short  length,  have  a  very  sat- 
isfactory length  of  life,  even  under  the  very  severe  conditions  of 
omnibus  service  necessitating  frequent  stops  and  acceleration  of 
a  5  ton  load.  One  advantage  claimed  for  the  chain  gear  box 
over  the  spur  tjrpe  is  that,  whereas  careless  or  unskilled  operation 
with  the  latter  may  result  in  stripping  of  the  gears,  necessitating 
expensive  repairs,  with  the  former  the  worst  that  may  happen  is 
breakage  of  the  chain,  and  a  new  link  may  easily  be  inserted.    In 
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view  of  the  possibility  of  such  breakages  the  gear  box  must  be 
designed  with  enough  room  at  the  bottom  to  contain  the  chain 
without  it  touching  the  chain  wheels,  and  there  must  also  be  a 
liberal  clearance  all  around  the  chain  wheels. 

Some  of  the  points  to  be  observed  in  the  design  of  silent  chain 
change  gears  are  as  follows :  The  distance  between  shaft  centres 
must  be  sufficient  to  allow  of  joining  up  three  or  four  different 
drives  without  excessive  slack  in  any  of  them.  In  the  London 
omnibus  gear  boxes  chains  of  two  different  pitches  (^  and  ^ 
inch)  are  used  in  order  to  solve  the  problem  of  substantially 
equal  centre  distances  without  slack  in  the  chains  for  the  dif- 
ferent drives.  Pinions  of  less  than  23  teeth  should  preferably 
have  an  odd  number  of  teeth,  in  order  to  insure  the  maximum 
service  from  the  faces  of  the  teeth,  and  the  number  of  links  in 
each  chain  should  be  even.  The  reverse  motion  in  a  silent 
chain  change  speed  gear  is  obtained  in  a  very  simple  manner  by 
means  of  a  pair  of  spur  gears  which  are  slid  into  and  out  of  mesh. 
.  In  conclusion  it  may  be  stated  that  silent  chain  gear  boxes 
owe  their  introduction  to  an  order  of  the  London  police  depart- 
ment to  compel  the  London  General  Omnibus  Company  to  re- 
duce the  noise  of  its  omnibuses  (mainly  due  to  worn  gear 
boxes)  or  to  take  them  off  the  streets.  As  yet  these  change 
gears  arc  very  little  used  on  stock  cars,  but  in  view  of  the  great 
importance  at  present  attached  to  silent  operation  of  pleasure 
cars,  their  more  extensive  introduction  is  within  the  realm  of 
possibility.  In  all  silent  chain  gear  boxes  so  far  built  all  of  the 
chains  run  continuously,  but  it  would  not  be  particularly  dif- 
ficult to  render  all  but  one  of  the  chains  stationary  when  the 
direct  drive  is  in  action. 

In  a  sliding  change  gear  helical  gears  may  be  used  for  the 
constantly  meshed  pair  of  gears  to  reduce  noise.  These  put  ad- 
ditional end  thrust  upon  the  bearings  and  it  is  well  to  keep  the 
angle  of  spiral  moderate,  say  at  20  degrees,  unless  thrust  bear- 
ings are  fitted. 
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CHAPTER  IV. 


THE  PLANETARY  CHANGE  GEAR. 

Planetary  or  epicydic  gear  sets  were  quite  extensively  used  in 
automobile  transmissions  at  one  time,  but  have  lost  much  of  their 
popularity.  They  are  still  being  used,  however,  on  low  priced 
cars  of  both  the  pleasure  and  commercial  types.  This  gear  set  is 
much  cheaper  to  manufacture  than  a  sliding  gear  set,  and  its 
operation  calls  for  less  skill  on  the  part  of  the  driver.  Being 
used  almost  exclusively  on  low  priced  cars,  such  refinements  in 
construction  as  hardened  alloy  steel  gears  and  radial  ball  bear- 
ings are  not  employed  in  planetary  gears.  Generally  these  gears 
are  designed  to  give  only  two  forward  speeds  and  one  reverse. 
It  is  possible  to  obtain  three  forward  speeds  and  one  reverse, 
and  the  Cadillac  Motor  Car  Co.  produced  a  car  with  a  three 
speed  and  reverse  planetary  gear  set  for  several  seasons,  but  the 
addition  of  a  third  speed  introduces  considerable  complication 
and  entails  great  frictional  loss,  and  two  forward  speeds  is  gen- 
erally considered  the  practical  limit  with  this  type  of  gear. 

Principle  of  the  Internal  Gear  Type — ^There  are  two  gen- 
eral types  of  planetary  gears,  viz.,  those  comprising  internal  gears 
in  their  make-up  and  those  consisting  solely  of  spur  gears,  the 
latter  being  sometimes  referred  to  as  the  "all-spur"  type.  The 
principle  of  the  former  is  illustrated  in  Fig.  8i.  A  is  a  driving 
pinion  mounted  either  upon  an  extension  of  the  engine  crank- 
shaft or  upon  a  shaft  connected  to  same,  which  we  will  call  the 
driving  shaft.  This  gear  is  in  mesh  with  two,  three  or  four  equal 
sized  planetary  pinions  B,  evenly  distributed  over  the  circumfer- 
ence of  pinion  A.  Pinions  B  are  supported  upon  short  shafts 
secured  into  the  pinion  carrier  C,  which  may  be  a  disc,  drum  ,or 
spider  having  a  bearing  upon  the  driving  shaft.  Planetary  pin- 
ions BB  also  mesh  with  the  internal  gear  D,  which  latter  is 
also  supported  by  having  a  bearing  on  the  driving  shaft.  Two 
such  planetary  sets  as  illustrated  in  Fig.  8i  are  required  for  a 
two  speed  forward  and  reverse  gear  set, 
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The  low  speed  forward  is  obtained  in  the  following  manner: 
Internal  gear  D  can  be  held  from  rotating  by  applying  a  band 
brake  to  its  circumference.  If  pinion  A  is  then  rotated  by  the 
motor  in  a*  clockwise  direction,  as  indicated  by  the  arrow,  pinions 
B  will  thereby  be  rotated  around  their  respective  axes  in  a 
counter-clockwise  direction,  and  since  internal  gear  D  is  held  sta- 
tionary by  its  brake,  they  will  roll  on  it  and  carry  pinion  carrier 
C  around  in  a  clockwise  direction;  that  is,  in  the  same  direction 
as  the  driving  shaft,  but  at  a  lower  speed.  Pinion  carrier  C  is 
in  permanent  driving  connection  with  the  driven  shaft. 

For  the  high  speed  forward  the  driven  shaft  of  the  gear  is 


Fig.  8i.— Internal  Gear  Planetary  Combination. 

directly  connected  to  the  driving  shaft  by  means  of  a  friction 
clutch  forming  part  of  the  planetary  gear  set.  Hence,  by  holding 
internal  gear  D  stationary,  motion  will  be  imparted  to  the  driven 
shaft  in  the  same  direction  as  when  it  is  direct  connected  to  the 
engine  shaft  by  the  high  speed  clutch,  but  it  is  revolved  at  a 
lower  speed. 

Calculation  of  Speed  Ratios— Let  a  be  the  number  of  teeth 
in  pinion  A,  and  h  the  number  of  teeth  in  each  of  pinions  B. 
Then  the  number  of  teeth  in  internal  gear  D  is  evidently  a  +  2b. 
We  found  that  the  planetary  pinions,  together  with  the  pinion 
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carrier,  would  rotate  right-handedly  around  the  centre  of  the 
driving  shaft.  Now,  suppose  these  pinions  to  make  one  complete 
revolution  around  the  driving  shaft.  By  rolling  on  the  internal 
gear  D  they  will  be  revolved  around  their  own  axes  the  number 
of  times  their  number  of  teeth  is  contained  in  the  number  of 
teeth  of  internal  gear  D,  viz. : 

24«*=^  +  a •:.:: (as) 

Ob  t 

However,  this  number  of  revolutions  about  their  own  axes 
represents  only  a  part  of  the  motion  of  planetary  pinions  B;  they 
have  also  at  the  same  time  made  a  complete  revolution  about  the 
axis  of  the  driving  shaft,  and  both  these  motions  must  have  been 
imparted  to  them  by  driving  pinion  A,  By  calculating  the  motion 
of  the  driving  pinion  required  to  produce  each  of  these  motions 
in  the  planetary  pinions,  and  then  adding  the  two  motions,  we 
find  the  number  of  revolutions  of  the  driving  pinion  necessary 
to  produce  one  revolution  of  the  pinion  carrier  C,  and  this,  of 
course,  is  equal  to  the  ratio  of  reduction. 

The  angular  motion  of  the  driving  pinion  to  produce  the  first 
motion  of  the  planetary  pinions — that  around  their  own  axes — 
may  be  found  by  multiplying  the  number  of  revolutions  of  the 

planetaries      (-^  +  2)     by  the  ratio  of  the  number  of  teeth  in 

the  planetaries  to  that  in  the  driving  pinion,  viz.,  —  ,  which  gives 

1(1 +.)  =  !?+ X. 
a.\b         /        a 

To  produce  the  planetary  motion  of  one  complete  revolution 
about  the  driving  shaft  axis  it  is  obvious  that  the  driving  pinion 
must  make  one  revolution  in  the  same  direction  as  that  necessary 
to  produce  the  first  motion  of  the  planetary  pinions.  Hence  the 
total  motion  of  the  driving  pinion  will  be 

(^+')+^="^+» <-> 

which  is  the  expression  for  the  low  gear  reduction  with  this  type 
of  planetary  gear. 

Studying  this  expression,  we  see  that  under  no  conditions  can 
the  ratio  of  reduction  be  as  small  as  2.  When  the  planetary  pin- 
ions have  the  same  number  of  teeth  as  the  driving  pinion,  the 
ratio  is  4,  and  when  they  have  half  the  number  of  teeth  (as  in 
Fig.  81),  the  ratio  is  3. 

For  the  reverse  motion  an  arrangement  of  gearing  similar  to 
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that  shown  in  Fig.  8i  is  used.  However,  in  this  case  the  pinion 
carrier  C  is  held  from  rotating,  being  provided  with  a  brake  drum 
to  which  a  brake  band  can  be  applied.  If,  then,  the  driving  pinion 
A  is  rotated  in  a  clockwise  direction,  the  planetary  pinions  B 
will  turn  in  a  counter-clockwise  direction  around  their  axes,  and 
the  internal  gear  D  will  be  rotated  by  them  in  a  counter-clock- 
wise direction  around  the  driving  shaft  axis.  In  this  case  internal 
gear  D  is  in  permanent  driving  connection  with  the  driven  shaft 
of  the  gear,  which  latter  is  th€refore  rotated  in  the  opposite  direc- 
tion to  the  driving  shaft.    The  ratio  of  reduction  is  merely  the 


Fig.   82.— Internal  Gear   Planetary   Combination    With 
Double  Planetary  Sets. 

ratio  between  the  number  of  teeth  in  internal  gear  D  and  driving 
pinion  A;  that  is,  using  the  same  designations  as  in  the  fore- 
going, the  reverse  speed  reduction  ratio  for  this  type  of  plane- 
tary gear  is 


(30) 


a-\-2b  _._2^  I   J 
a  a 

In  a  somewhat  modified  design,  illustrated  in  Fig.  82,  the  plane- 
tary pinions  are  made  in  sets  of  two  of  unequal  pitch  diameter 
placed  side  by  side  and  rigidly  connected  to  each  other  or  formed 
integral,  the  smaller  pinion  B  being  in  mesh  with  driving  pinion 
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A,  and  the  larger  one,  B',  with  the  internal  gear  D,  Calling  the 
number  of  teeth  in  the  smaller  planetary  pinion  h  and  the  num- 
ber of  teeth  in  the  larger  one  V,  the  reduction  ratio  for  this  case 
when  internal  gear  D  is  held  stationary  may  be  calculated  as 
follows : 

The  number  of  teeth  in  the  internal  gear  is  now  a^hW^  and 
the  number  of  revolutions  of  the  planetaries  around  their  axes 
corresponding  to  one  revolution  around  the  driving  shaft  axis 
will  be 

a  +  b-^y 

y 

In  order  to  produce  this  motion  the  driving  pinion  must  make 

b   /a-j-b-^y\  ^   b     I  \ 

a\ y ;  "il/  ya^b  +  yj  revolutions. 

fo  this  must  again  be  added  one  revolution  to  produce  the  plane- 
tary motion  of  the  plantetary  pinions,  which  gives  for  the  low 
speed  reduction  ratio  for  this  type  of  gear 

ip{''  +  '>+^)  +^=ir^  ^^i^^ (3,) 

From  this  equation  it  will  be  seen  that  the  reduction  ratio  in- 
creases with  b  and  increases  as  a  and  b'  decrease. 

For  the  reverse  motion  the  pinion  carrier  is  held  stationary 
by  means  of  a  brake  band.  In  this  case,  denoting  the  angular 
velocity  of  internal  gear  D  by  unity,  the  angular  velocity  of  the 
two  planetary  pinions  will  be 

a+b-{-y 

y 

and  the  angular  velocity  of  the  driving  pinion  is  found  by  mul- 
tipl3ring  this  by  the  factor   —    which  gives 

.^(-  +  *  +  *')=|.+  S  +  i • <3.) 

When  several  planetary  pinions  are  used  in  an  internal  type 
of  planetary  gear,  the  numbers  of  teeth  in  the  driving  pinion  and 
in  the  planetary  pinions  must  bear  certain  relations  to  each  other, 
else  the  gears  cannot  be  assembled.  Let  us  take  the  case  of  a 
planetary  combination  with  three  pinions.  The  number  of  teeth  o 
may  be  divisible  by  3,  a  —  i  may  be  divisible  by  3,  and  a  + 1  may 
be  divisible  by  3.  Hence  there  are  three  different  cases  which 
must  be  investigated  separately.  We  will  assume  that  a— i  is 
divisible  by  3.  Then  we  may  write 
a  =  3  X  +  I 
tf  =  a  -f  2*  =  3%  -h  2*  +  I 
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..     .'  -  =  x+- pitch 

-       I  3.3  -^ 

• •  •  "  j^"^ 

Referring  to  Fig.  83,  if  a  driving  pinion  tooth  centre  coincides 
with  the  line  connecting  the  axes  of  the  driving  pinion  and  the 
top  planetary,  then  a  driving  pinion  tooth  centre  is  at  a  dis- 
tance of  }i  circular  pitch  from  the- line  connecting  the  driving 
pinion  axis  with  the  axis  of  the  right  hand  planetary  pinion. 


Fig.  83. 

When  the  planetaries  have  an  even  number  of  teeth,  two  of  their 
tooth  centres  are  opposite.  Hence,  since  a  tooth  centre  on  the 
driving  gear  is  J4  pitch  ahead  of  the  line  joining  the  driving 
pinion  axis  and  the  right  hand  planetary  axis,  a  tooth  centre  of 
the  internal  gear  will  be  H  Pitch  beyond  this  line  produced. 
Similarly,  when  the  planetaries  have  an  odd  number  of  teeth,  a 
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space  will  be  directly  opposite  a  tooth»  hence  a  space  centre  of 
the  internal  gear  will  be  on  the  line  connecting  the  axis  of  the 
driving  pinion  to  the  axis  of  the  top  planetary  produced,  and 
another  space  centre  of  the  internal  gear  }i  pitch  beyond  the  line 
connecting  the  axis  of  the  driving  pinion  to  the  axis  of  the  right 

hand  planetary  produced.    Therefore,  in  either  case  —  -l  .1   is  an 

3        3 
integer  which  we  may  denote  by  n.    Substituting  the  value  of  ~ 

3 
we  have 

,     2*     ,     I     ,     I 

3        3        3 
Multiplying  both  sides  by  2 

3         3 
But  since  x  and  b  are  integers  we  may  write 

5  +  1-"' 
Multiplying  each  side  by  3,  we  have 

^  +  4  =  3«i 
Subtracting  3  from  each  side 

ft  H-  i  =  3(iij— i) 
In  other  words,  the  number  of  teeth  in  the  planetaries  must  be 
such  that  when  i  is  added  to  it,  it  is  divisible  by  3. 

The  following  compilation  covers  every  possible  case  with  2,  3 
and  4  planetary  pinions: 

TWO  PLANETARIES. 

Both  the  driving  pinion  and  the  planetaries  may  have  either  an 
even  or  an  odd  number  of  teeth. 

THREE   PLANETARIES. 

If  a  is  divisible  by  3,  b  must  also  be  divisible  by  3. 

If  a  —  I  is  divisible  by  3,  6  +  1  must  be  divisible  by  3. 

If  0  +  I  is  divisible  by  3,  then  b  —  i  must  be  divisible  by  3. 

FOUR  PLANETARIES. 

If  a  is  even,  b  must  be  even. 

If  a  is  odd,  b  must  be  odd. 

The  object  in  using  more  than  one  set  of  planetary  pinions 
obviously  is  to  divide  the  work  between  these  pinions  and  to  re- 
duce the  strain  on  the  teeth  of  the  other  gears. 

Principle  of  the  All-Spur  Type— The  "all-spur"  type  of 
planetary  gear  is  illustrated  in  Fig.  84.  A  is  the  driving  pinion, 
B  and  B'  are  a  pair  of  integral  planetary  pinions,  carried  by  pin- 
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ion  carrier  C,  and  I^  is  a  pinion  carried  loosely  upon  the  driving 
shaft,  and  which  may  be  held  from  rotating  by  applying  a 
brake  band  to  a  brake  drum  secured  to  it 

It  is  now  to  be  determined  in  what  direction  pinion  carrier  C 
will  rotate  when  driving  pinion  A  rotates  right-handedly.  Owing 
to  the  direction  of  tooth  pressure  planetary  pinions  B  and  B' 
evidently    will    rotate    left-handedly    around    their    axis    and 


Fig.  84.^All-Spuk  Planetary  Combination  (Reverse  Motion). 

pinion  B'  will  roll  left-handedly  on  gear  D.  The  effect 
of  the  planetary  motion  of  pinions  B  and  B'  will  be  the 
same  on  pinion  A  and  gear  D,  That  is,  if  the  planetary 
pinions  made  one  revolution  around  the  driving  shaft  axis 
without  revolving  around  their  own  axis  they  would  cause  both 
pinion  A  and  gear  D  to  make  one  revolution  around  their  own 
axis.  Any  difference  ill  the  speeds  of  A  and  D  must  therefore 
be  due  to  the  motion  of  the  planetary  pinions  around  their  own 
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axis.    In  rolling  once  around  D,  B'  makes  77   revolutions  around 

its  axis,  and  so  does  B.  But  d,  the  number  of  teeth  in  gear  D, 
is  equal  to  a  +  6  — b\  Hence  the  number  of  revolutions  of  the 
planetary  pinions  around  their  own  axis  corresponding  to  one 
planetary  revolution  around  D  is 

and  both  motions  are  in  the  same  direction.  But  such  a  motion 
of  planetary  pinion  B  necessitates  driving  pinion  A  making 

revolutions  in  the  opposite  direction  to  the  planetary  motion. 


Fig.  85.— All-Spur  Planetary  With   Double  Planbtary 
Pinions. 


Now,    combining    the 


left-hand    revolution    and    the 


one 

b_     J^      * 
b^^ay      a 
right-hand  revolutions  of  pinion  A  we  get  for  its  total  motion 
by 
ab' 


b 


a 
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right-hand  revolutions.  This,  therefore,  is  the  reduction  factor, 
which  is  positive  when  b  is  greater  than  b\  When  b  is  equal  to 
or  less  than  b'  the  gear  will  be  locked. 

With  the  simple  internal  gear  planetary  gear  combination  as 
described  and  as  illustrated  in  Fig.  8i,  a  low  speed  forward 
motion  is  obtained,  and  with  the  simple  all-spur  type  of  planetary 
gear,  as  illustrated  in  Fig.  84,  a  reverse  motion.  The  internal 
gear  planetary  combination  also  gives  a  reverse  and  the  all-spur 
type  a  low  speed  forward  by  holding  the  pinion  carrier  stationary, 
but  these  are  not  planetary  motions,  since  the  planetary  pinions 
remain  stationary  in  space.  In  order  to  obtain  a  reverse  plane- 
tary motion  with  the  former  and  a  low  forward  planetary  mo- 
tion with  the  latter  it  is  necessary  to  use  double  planetary  pin- 
ions. An  all-spur  planetary  combination  to  give  a  planetary  low' 
speed  forward  is  illustrated  in  Fig.  85.  Using  the  same  designa- 
tions as  heretofore,  if  the  pinion  carrier  makes  one  right-hand 
revolution  around  the  axis  of  the  driving  shaft  this  involves  one 

d 

right-hand  revolution  of  driving  pinion  A,    It  also  involves    -p 

right-hand  revolutions  of  pinion  B'  around  its  axis, 
y        d  _d 

left-hand  revolutions  of  pinion  B  around  its  axis,  and 

a  ^   b  '~  a 
right  hand  revolutions  of  driving  pinion  A  around  its  axis.  Hence 
the  total  revolutions  of  A  around  its  axis  are 

a 

Assembly  of  Internal  Gear  Type — A  sectional  view  of  an 
internal  gear  type  of  planetary  gear  is  shown  in  Fig.  86.  A  is 
the  driving  shaft,  which  has  secured  to  it  the  low  speed  driving 
pinion  B  and  the  reverse  driving  pinion  C  Pinion  B  meshes 
with  two  planetary  pinions  D,  which  latter  in  turn  mesh  with  the 
internal  gear  £.  The  rim  of  the  latter  gear  also  serves  as  a 
brake  drum  to  which  a  brake  band  F  may  be  applied,  so  as  to 
hold  the  gear  stationary.  The  planetary  pinions  D  will  then  re- 
volve around  the  axis  of  the  driving  shaft  at  ^  low  speed,  as 
already  explained,  and  will  carry  with  them  the  pinion  carrier  G, 
which  latter  is  keyed  to  the  hollow  driven  shaft  H.. 

For  the  reverse,  the  brake  band  /  is  applied  to  brake  drum  /, 
which  serves  also  as  a  pinion  carrier  for  the  reverse  planetary 
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pinions  K.  The  latter  mesh  both  with  the  reverse  driving  pinion 
C  and  the  reverse  internal  gear  L.  Internal  gear  L  and  pinion 
carrier  G  are  rigidly  connected  together,  not  only  by  pinion  pins 
M,  as  shown  in  the  drawing,  but  also  by  bolts  between  the  pin- 
ions. Hence,  when  drum  /  is  held  in  position  by  brake  band  /, 
reverse  pinion  C  will  revolve  internal  gear  L  through  the  inter- 
mediary of  pinions  K  in  the  reverse  (left-handed)  direction,  and 
gear  L  will  communicate  this  reverse  motion  through  the  inter- 
mediary of  pinion  carrier  G  to  driven  shaft  H. 
For  the  direct  drive  the  multiple  disc  clutch  O  is  engaged  by 


-Assembly  of  Internal  Gear  Type  of  Planetary 
Gear  Set. 

pushing  sliding  cone  Q  to  the  left  under  the  clutch  dogs  S,  One 
set  of  discs  of  the  clutch  is  driven  by  means  of  studs  extending 
from  the  web  of  internal  gear  E,  and  the  other  set  drives  through 
keys  of  the  clutqh  hub  P,  which  is  keyed  to  the  driven  shaft  if. 
When  the  clutch  is  engaged  internal  gear  E  and  pinion  carrier  G 
are  locked  together,  hence  planetary  pinions  D  cannot  rotate 
aroimd  their  pins  M,  and  driving  pinion  B  drives  directly  through 
pinions  D,  pinion  carrier  G  and  shaft  H,    The  high  speed  clutch 
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can  be  closely  adjusted  by  turning  screw-threaded  collar  R  on 
clutch  hub  P.  When  the  clutch  is  engaged  the  entire  gear  re- 
volves together  as  a  unit,  none  of  its  pinions  working. 

It  is  interesting  to  determine  the  speeds  of  the  different  parts 
while  the  low  gear  is  in  operation.  We  will  assume  that  A  re- 
volves right-handedly  at  i,ooo  r.  p.  m.,  that  B  has  24  teeth;  D,  16; 
C,  18,  and  K,  181  The  low  gear  carrier  and  driven  shaft  will 
then  revolve  (equation  29)  at 


■s=  300  r.  p,  m. 


2X16  +  2 
Planetary  pinions  D  will  revolve  on  their  pins  at 

(-^  +  2 1  300  =  1,050  r.  p.  m  (equation  28) 
16         / 

One  set  of  clutch  discs  will  be  stationary  and  the  other  set  will 
revolve  at  the  speed  of  the  driven  shaft,  viz.,  300  r.  p.  m.  In- 
ternal gear  L  will  revolve  right-handedly  at  300  r.  p.  m.  and 
pinion  C  at  1,000  r.  p.  m.  Hence  pinion  C  revolves  at  700  r.  p.  m. 
relative  to  internal  gear  L,  and  drum  /  will  be  revolved  right- 
handedly  at 

700         _ 

Planetary  pinions  K  will  rotate  on  their  pins  at 
3>«  (300  —  175)  =37Sr.^fn. 
All  of  these  speeds  are  quite  low. 

All-Spur  Planetary  Assembly— Fig.  87  shows  a  longitudinal 
sectional  view  of  an  all-spur  type  of  planetary  gear.  A  is  the 
driving  shaft  which  carries  the  driving  pinion  B,  meshing  with 
planetary  pinions  C.  The  latter  form  part  of  sets  of  three  pin- 
ions, which  are  either  made  integral  or  keyed  together.  D  is  the 
low  speed  planetary  pinion  meshing  with  low  speed  gear  E,  which 
latter  is  secured  to  driven  shaft  F,  By  applying  brake  band  G  to 
the  combined  pinion  carrier  and  brake  drum  H,  the  planetary  pin- 
ions are  held  stationary  in  space  and  act  like  a  back  gear. 
Pinion  B,  rotating  right-handedly,  turns  pinions  C  and  D  on  their 
pin  left-handedly,  and  pinion  D  turns  pinion  E  and  driven  shaft  F 
right-handedly;  that  is,  in  the  same  direction  as  driving  pinion B. 
For  the  reverse,  brake  band  /  is  applied  to  brake  drum  J,  which 
has  the  reversing  pinion  K  keyed  to  it.  Gear  K  being  thus  held 
stationary,  when  pinion  B  is  rotated  by  the  engine,  planetary 
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pinion  L  is  forced  to  roll  on  K  in  planetary  fashion  in  a  left- 
handed  direction,  carrying  the  pinion  pin  M  and  pinion  carrier 
H  with  it 

The  direct  drive  is  obtained  by  engaging  the  high  speed  clutch 
N,  which  locks  the  reversing  gear  K  to  driving  shaft  A,  and 
since  two  unequal  gears  (B  and  K)  are  now  secured  to  shaft  A, 
the  planetary  pinions  are  locked  against  axial  motion  and  the 
whole  gear  revolves  as  a  unit 


Fig.  87.— Assembly  of  "All-Spur"  Type  of  Planetary 
Gear  Set. 

In  an  "all-spur"  combination,  instead  of  applying  the  power 
through  one  of  the  central  pinions  and  transmitting  it  through  the 
pinion  carrier,  it  may  be  applied  through  the  latter  and  trans- 
mitted through  one  of  the  central  pinions.  The  Ford  change 
gear,  illustrated  in  Fig.  88,  is  of  this  type.  In  this  case  the  fly- 
wheel rim  A  serves  as  the  pinion  carrier  and  driving  member, 
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having  lateral  studs  secured  into  it  which  carry  triple  planetary 
pinions.  Gear  B  is  the  driven  member,  being  keyed  to  the  hub  of 
clutch  drum  C,  which  in  turn  is  secured  to  driven  shaft  D,  By 
applying  a  brake  band  to  drum  E,  gear  F  is  held  stationary,  pinion 
G  rolls  on  it,  and  the  smaller  pinion  H  causes  gear  B  to  turn 
slowly  in  the  same  direction  as  pinion  carrier  A,  By  applying  a 
brake  band  to  drum  /  gear  /  is  held  stationary,  pinion  K  rolls  on 
it,  and  the  larger  pinion  H  turns  gear  B  slowly  in  the  reverse 
direction.    For  the  high  gear  or  the  direct  drive  the  friction  clutch 


Fig.  88. — Ford  Planetary  Gear  Set.   . 

locks  the  clutch  drum  C  to  the  engine  tailshaft,  and  the  gear 
rotates  as  a  unit. 

Gear  Stresses  and  Bearing  Pressures — The  pressure  on 
the  pitch  line  of  the  driving  pinion  can  be  calculated  from  the 
engine  dimensions  by  the  method  already  explained.  If  there  are 
several  planetary  pinions  in  mesh  with  the  driving  pinion,  then 
the  total  pressure  on  the  pitch  circle  of  the  driving  pinion  must 
be  divided  by  the  number  of  these  planetary  pinions  in  order  to 
get  the  pressure  on  one  tooth.  The  necessary  width  of  face  of  the 
teeth  can  then  be  calculated  by  the  formula  for  the  strength  of 
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gear  teeth  given  in  the  previous  chapter,  allowing  a  stress  in 
the  teeth  (of  machinery  steel  gears)  at  full  engine  load  of  about 

8,000  pounds  per  square  inch  for  1,400  feet  per  minute 

10,000  pounds  per  square  inch  for  i,aoo  feet  per  minute 

12,000  pounds  per  square  inch  for  1,000  feet  per  minute 

14,000  pounds  per  square  inch  for  800  feet  per  minute 

pitch  line  velocity  corresponding  to  1,000  feet  per  minute  piston 
speed.  For  nickel  steel  gears  the  stress  in  the  teeth  can  be  made 
20  per  cent,  greater.  In  this  connection  it  should  be  pointed  out 
that  it  is  customary  to  use  ten  pitch  gears  in  planetary  gear  sets 
for  very  small  powers,  say  up  to  15  horse  power,  and^i^jit  pitch 
gears  for  gear  sets  of  from  15  to  30  horse  powqr.  In  the  few 
instances  where  planetary  gears  have  been  used  for  larger  powers 
six  pitch  teeth  have  been  used. 

Now,  let  it  be  required  to  calculate  the  dimensions  of  a 
planetary  gear  for  a  double  cylinder  engine  of  4^  inch  bore  by 
4  inch  stroke.  The  calculations  are  somewhat  different  for  the 
internal  type  of  planetary  gear  and  the  all-spur  type,  and  we  will 
carry  the  calculation  through,  first  for  the  one  and  then  for  the 
other.  As  far  as  the  strength  of  gears  and  the  bearing  surface 
required  for  the  planetaries  are  concerned,  the  stresses  and 
pressures  during  low  gear  operation,  of  course,  are  much  more 
important  than  the  stresses  and  pressures  corresponding  to  the 
reverse  motion,  for  the  reason  that  the  reverse  is  never  used  con- 
tinuously for  any  length  of  time.  Suppose  that  a  gear  reduction 
of  3  is  desired  for  the  low  speed  forward. 

The  normal-speed  torque  of  our  motor  is 

2X4X4^X65  ^      ^   ^   ^ 
^ =*  55  founds-feet. 

We  will  first  carry  the  calculation  through  for  the  internal  type 
of  planetary  gear.  In  order  that  wc  may  get  the  desired  reduc- 
tion ratio  the  driving  pinion  and  planetary  pinions  must  be  made 
with  such  numbers  of  teeth,  a  and  b,  respectively,  that 

—  4-2  =  3, 

hence 

b 

•  =»  0.5. 

The  smallest  practical  number  of  teeth  in  a  pinion  is  12,  and  it 
is  well  to  use  a  few  more.  We  will  make  6  =  14  and  0  =  28. 
Also,  we  will  use  8  pitch  standard  14^  degree  involute  teeth 
Hence  the  pitch  diameter  of  the  driving  pinion  is  35^  inches  and 
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the  pitch  radius  iH  inches.  Since  the  torque  that  must  be  trans- 
mitted by  this  pinion  is  55  pounds-feet,  the  pitch  line  pressure  is 

S5^/^  =r  377  founds. 

We  will  assume  that  two  oppositely  located  planetary  pinions 
are  used,  so  this  pressure  is  exerted  by  two  teeth  of  the  driving 
pinion,  and  the  pressure  of  each  tooth  is 

2ZZ  =  188.5 /£>«»ds, 
2 

At  1,000  feet  piston  speed  per  minute  the  4  inch  stroke  motor 

turns  at 

1,000X12 

2X4      ^  ''500  r.  /.  m., 

and  the  pitch  line  velocity  of  the  driving  pinion  is 

i,5oooX3'5X3'i4 

-J- =  1,375  A  /.  »»• 

Hence  we  may  figure  on  a  stress  of  8,000  pounds  per  square  inch 
in  the  teeth.    Then,  according  to  Lewis'  equation, 

188.5  =  8.000  X  0.4  X  fX  0.072. 
and 

/= !??J ^  0.81  -  say,  il  inch, 

8,000  X  0.4  X0.072     ,  i6 

The  tangential  force  P  on  one  of  the  planetary  pinions  we 
found  to  be  188.5  pounds.  As  indicated  in  Fig.  Sq,  this  force  is 
exerted  by  the  driving  pinion  on  the  planetary  pinion,  and  there 
is  an  equal  reaction  of  the  internal  gear  on  the  opposite  side  of 
the  planetary  pinion.  Hence  the  pressure  on  the  bearing  of  the 
planetary  pinion  is 

188.5  +  188.5  =  377  pounds. 

In  a  gear  of  the  internal  planetary  type  it  is  difficult  to  provide 
large  enough  bearing  surfaces,  and  the  unit  pressure  on  the  pinion 
pins  is  usually  in  the  neighborhood  of  600  pounds  per  square 
inch.    This  unit  pressure  in  our  case  calls  for  a  bearing  surface  of 

377 

7~~  =  }i  square  inch. 

If  we  make  our  pin  ^  inch  in  diameter  it  must  have  a  length 
of  I  inch,  or  slightly  more  than  the  face  of  the  gear. 

It  is  customary  to  make  the  pinions  of  the  reverse  combination 
of  the  same  width  of  face  as  the  pinions  of  the  low  gear  combina- 
tion. 

A  reduction  of  3  to  i  is  practically  the  lowest  obtainable  with 
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this  type  of  gear,  because  for  lower  reductions  the  planetary 
pinions  become  very  small  and  their  rotative  speeds  excessively 
high.  On  the  other  hand,  with  only  two  speeds  forward  the  low 
speed  ratio  is  generally  'wanted  comparatively  small,  between 
2  and  3,  so  that  the  step  from  high  to  low  speed  may  not  be 
too  great 

CalcttUtion  of  "All-Spar**  Type— With  the  usual  all-spur 
type  we  obtain  our  low  forward  speed  by  means  of  a  back  gear. 
In  order  to  obtain  a  total  reduction  of  3:1  we  may  make  the 
reduction  ratio  of  each  pair  of  gears  comprising  the  low  speed 
train  about  V^:  I — say  1.75:1.  H  we  give  the  driving  pinion  16 
teeth,  then  the  planetary  meshing  with  it  must  have  28  teeth. 


Fig.    89. — Tangential    and 

BeAXING    PRESSXntES    IN 

Intesnal  Gear  Tyfe 
OF  Planetary. 


Fig.  90.— Tooth  Pressures  in 

All-Spur  Type  of 

Planetary. 


Since  this  pair  of  gears  also  takes  part  in  producing  the  reverse 
motion  it  is  well  to  figure  that  out  at  once  to  see  whether  these 
numbers  of  teeth  in  the  central  set  will  make  it  possible  to  get  a 
suitable  reverse  gear  reduction  with  practical  reverse  gear  sizes. 
The  reverse  gear  ratio  is 

y 

and  substituting  values. 


^  lb' 


a 


28 


+ 


28» 


y     16  i/ 


28 

x6 
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Simplifying, 

575^  =  ?7 
y  =  i3.4 
Of  course,  b'  must  be  an  integer,  and,  since  we  want  to  use  two 
planetary  sets,  an  even  number,  hence  we  will  choose  14  teeth, 
which  will  make  the  reduction  ratio 
28  ,        28*     _  28 
i4"^i4X'i6      i6"'=^-75 
The  pitch  radius  of  the  16  tooth  8  pitch  driving  pinion  is  i 
inch,  hence  the  pitch  line  pressure  is 

55  X  12 

=  660  founds. 

Of  this  one-half,  or  330  pounds,  comes  on  one  tooth.    The  pitch 
line  velocity  is 

1.500X  2X3.14       p    ^,  ^ 
-^ =  785  ft.  f.  w., 

hence  we  may  allow  a  tooth  stress  of  14,000  pounds  per  square 
inch.    Inserting  in  the  Lewis  formula  we  have 

330  =  14,000X0.4  X/X  0.077 
and 

/=: ^:r^-^ =0.755.  say,  U  ifich. 

14,000X0.4X0.077 

In  this  case  the  low  speed  motion  is  not  transmitted  through 
the  gear  carrier,  and  the  whole  force  of  the  drive  does  not  come 
on  the  pinion  pin.  In  Fig.  90  are  shown  the  pressure  of  the 
driving  pinion  tooth  on  the  planetary  pinion  tooth  and  the  reac- 
tion of  the  stationary  gear  tooth  on  the  tooth  of  the  second 
planetary  pinion. 

The  tangential  pressure  on  the  driving  gear  we  found  to  be 
660  pounds.  The  tooth  reaction  between  the  driving  pinion  and 
thjC  first  planetary  is 

— ^^^Q  =  350  founds, 
cos  20 

The  tooth  reaction  between  the  second  planetary  pinion  and  the 
stationary  pinion  is 

^  X  350  =  6x2 pounds. 

These  two  pressures  make  an  angle  of  140  degrees  with  each 
Other,  and  their  resultant  is  found  graphically  to  be  410  pounds. 
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In  gears  of  this  type  the  unit  pressure  can  be  made  about  200 
pounds  per  square  inch,  hence  we  require 

^^  =  2.05  sqtuire  inches 
200 

bearing  surface.    Allowing  a  distance  of  ^  inch  between  pinions, 

the  total  length  of  the  pin  bearing  will  be  2^  inches,  and  the 

diameter  of  the  pin  should  be 

2.05  13 

—  =  0.82,  say,  ^inch. 

Constructional  Details— Owing  to  the  fact  that  in  an  all- 
spur  planetary  only  a  short  key  could  5e  used  Tor  securing  the 
driving "piUibri  to  Hs  shaft7it  is  advisable  to  forge  this  pinion 
mtegrat'wifh  the  shaft  so  as  to  avoid  possible  trouble  from  a 
loose  key.  In  the  older  designs  of  planetary  gears  the  planetary 
"pTmons  revolved  on  pins  supported  at  one  end  only.  This  con- 
struction leaves  much  to  be  desired,  for  the  reason  that  it  permits 
considerable  flexure  of  the  pinion  pins  and  leads  to  rapid  wear 
of  the  pinion  bushings,  and  consequent  noisy  operation.  A  spe- 
cially weak  point  often  found  in  connection  with  this  construc- 
tion was  the  method  of  fastening  the  pin  to.  the  pinion  carrier. 
The  pin  was  somewhat  reduced  in  diameter  at  one  end,  and  the 
reduced  portion  was  threaded  to  screw  into  the  pinion  carrier. 
This  makes  the  section  of  the  pin  weakest  at  the  very  point  where 
the  maximum  stress  occurs.  It  is  much  preferable  to  turn  the 
pin  with  a  small  flange  to  provide  a  shoulder  for  the  joint,  and 
have  the  diameter  at  the  joint  the  same  as  inside  the  pinion.  How- 
ever, pinion  pins  supported  at  both  ends  are  to  be  recommended 
in  every  case,  because  of  the  more  rigid  support  they  give  to  the 
pinions.  In  determining  the  diameter  of  the  pins  it  is  advisable 
to  calculate  the  stresses  occurring  in  them  under  full  load,  and 
the  deflection  produced  thereby. 

Brakes — In  the  design  of  the  brake  for  holding  rotary  parts 
stationary  for  the  low  speed  and  the  reverse,  efforts  should  be 
made  to  keep  down  the  radial  load  on  the  bearing  of  the  brake 
drum  due  to  the  brake  pull,  so  as  to  reduce  the  wear  of  that 
bearing.  It  is  quite  possible  to  entirely  eliminate  this  radial  load 
by  dividing  the  brake  bands  into  halves,  with  the  two  points  of 
anchorage  located  diametrically  opposite  on  the  brake  circle,  and 
dividing  the  brake  pull  equally  between  the  two  bands.  How- 
ever, owing  to  the  slightly  greater  complication  in  the  operating 
mechanism  this  is  never  done  in  practice.  One  manufacturer 
uses  disc  brakes  instead  of  band  brakes,  thereby  entirely  eliminat- 
ing radial  brake  load. 
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Since  in  a  shaft  driven  car  the  axis  of  the  gear  lies  in  the 
direction  of  the  length  of  the  car  and  the  brake  operating  shaft 
transverse  thereto,  the  brake  bands  are  usually  operated  by 
means  of  face  cams,  as  illustrated  in  Fig.  91.  The  bf^ake  band 
is  made  of  steel  and  lined  with  leather  or  fibre.  Lugs  art  riveted 
to  its  ends,  which  are  drilled  to  pass  over  the  operating  shaft 


Fig.  91.— Brake  Construction  for  Planetary  Gear. 

These  lugs  are  provided  with  cam  faces,  and  corresponding  face 
cams  are  secured  to  the  shaft,  so  that  when  the  latter  is  rotated 
in  a  particular  direction  the  ends  of  the  band  are  forced  together 
and  the  band  is  contracted  upon  the  drum.  A  coiled  spring  be- 
tween the  lugs  of  the  band  releases  the  latter  when  the  driver 
removes  his  foot  from  the  pedal  by  means  of  which  the  particu- 
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lar  speed  is  engaged.  Any  wear  of  the  friction  lining  can  be 
compensated  by  adjustment  of  the  face  cams  on  their  shaft. 

One  common  fault  in  planetary  gears  is  that  the  brake  bands 
are  not  fully  released  but  drag  when  not  in  use.  To  prevent  this 
the  end/  of  the  band  should  be  allowed  considerable  motion,  and 
an  adjustable  set  screw  should  be  provided  at  a  point  opposite 
the  ends  of  the  band  to  act  as  a  stop  and  limit  the  release  motion 
at  that  point  ( 

In  some  planetary  gears  the  brakes  are  exposed,  but  it  is  cer- 
tainly preferable  to  enclose  the  entire  gear  inclusive  of  the  brakes. 


Fig.  92. — Gear  and  Beaung  Pressures  in  -an  All-Spur  Plan- 
etary Set. 

Efficiency  of  Operation— Although,  so  far  as  the  author  has 
been  able  to  learn,  no  accurate  efficiency  tests  of  planetary  change 
speed  gears  have  ever  been  made,  this  type  of  gear  has  a  poor 
reffUtation  in  respect  to  efficiency.  Of  course  the  speeds  which 
involve  no  planetary  motion,  such  as  the  low  speed  in  a  simple 
"all-spur"  planetary  gear  C^ig.  87),  should  be  as  efficient  as  the 
corresponding  gear  in  a  sliding  gear  set,  provided  mechanical  de- 
sign and  workmanship  are  the  same.    But  the  efficiency  of  such 
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a  combination  as  that  of  the  reverse  in  an  all-spur  combination 
is  quite  low,  as  may  easily  be  shown.  The  losses  are  due  partly 
to  tooth  friction  and  partly  to  bearing  friction.  Such  a  combina- 
tion is  represented  diagrammatically  in  Fig.  92,  and  in  order  to 
somewhat  exaggerate  the  conditions  resulting  in  inefficient  opera- 
tion, the  two  planetary  pinions  are  shown  to  be  of  nearly  equal 
pitch  diameter.  The  gear  tooth  pressures  are  drawn  in  making 
an  angle  of  20  degrees  with  the  plane  of  the  gear  axes,  15  de- 
grees of  which  represent  the  tooth  flank  angle  and  5  degrees  the 
friction  angle.  We  found  in  the  previous  chapter  that  the  load 
on  the  bearing  of  a  spur  gear  is  equal  in  magnitude  and  direction 
to  the  load  on  the  gear  teeth,  and  since  the  two  planetary  pinions 
have  a  common  bearing,  we  can  transfer  the  tooth  pressures  to 
the  bearing  axis.  This  has  been  done  in  Fig.  92,  A  B  representing 
the  bearing  load  due  to  the  pressure  of  the  driving  pinion  and 
A  C  the  bearing  load  due  to  the  reaction  of  the  stationary  gear. 
A  D  \s  the  resultant  of  these  two  and  represents  the  actual  load 
on  the  pinion  pin.  It  is  hardly  necessary  to  emphasize  the  fact 
that  a  pressure  in  the  direction  A  D  applied  to  the  pinion  pin 
does  not  act  very  advantageously  in  turning  the  pin  around 
centre  O.  This  pressure  can  be  resolved  into  two  components,  a 
radial  one  A  F  and  a  tangential  one  A  E,  The  latter  component 
represents  useful  turning  force  impressed  upon  the  pinion  carrier 
at  the  radius  of  the  pinion  pin  axis  with  the  driving  shaft  axis 
as  a  centre.  The  useful  work  is  proportional  to  this  force  or 
pressure,  which,  it  will  be  seen,  is  quite  small,  while  the  gear 
losses  are  proportional  to  the  much  greater  forces  A  B  and  A  C 
and  the  bearing  loss  in  the  pinion  pin  bearings  is  proportional  to 
A  D,  also  much  greater  than  A  E.  In  ordinary  spur  gearing  the 
power  transmitted  is  directly  proportional  to  the  tooth  pressure, 
as  are  all  of  the  losses.  In  the  above  planetary  combination  the 
tangential  (useful)  component  of  the  pinion  pin  load  becomes 
zero  as  the  two  planetary  pinions  become  equal. 

The  chief  advantage  of  the  planetary  gear  set  is  that  on  the 
direct  drive  it  consumes  absolutely  no  power,  having  no  bearings 
then  in  operation,  and  its  weight,  which  revolves,  adds  to  the 
flywheel  effect,  tending  to  steady  the  engine  motion.  This  ad- 
vantage can  be  made  the  most  of  on  cars  provided  with  relatively 
powerful  engines,  making  it  possible  to  drive  on  the  high  j^ar 
under  all  ordinary  road  conditions,  so  that  the  low  gear  is  needed 
only  in  starting  and  on  extremely  steep  hills. 
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CHAPTER  V. 


THE  FRICTION  DISC  DRIVE. 

Types  of  Friction  Drives— Undoubtedly  the  simplest  of  all 
variable  transmission  mechanisms  for  gasoline  automobiles  is  the 
80  called  friction  drive.  There  are  several  types  of  frictional 
transmission  mechanisms,  and  they  may  be  roughly  classified  as 
follows :  Disc  and  wheel,  multiple  discs  and  wheels,  bevel  wheels, 
plain  wheels  and  grooved  wheels.  The  first  class  mentioned  is 
the  only  one  extensively  used.  This  change  speed  mechanism 
(A,  Fig.  93)  consists  of  a  disc  A  carried  on  an  extension  of  the 
engine  shaft,  and  of  a  mill  board  or  fibre-faced  friction  wheel  B, 
which  can  be  slid  along  a  cross  shaft  and  brought  into  frictional 
engagement  with  the  disc  /!  at  a  greater  or  smaller  distance  from 
its  centre.  The  ratio  between  the  speeds  of  revolution  of  wheel 
and  disc  is  substantially  equal  to  the  reciprocal  of  the  ratio  be- 
tween the  diameter  of  the  wheel  and  the  diameter  of  the  mean 
contact  circle  on  the  disc.  By  moving  the  wheel  from  the  centre 
of  the  disc  outward  the  speed  of  the.  wheel  can  be  changed  from 
nothing  to  the  maximum  by  infinitesimal  increments,  and  by 
sliding  the  wheel  over  to  the  opposite  side  of  the  disc  its  direc- 
tion of  motion  may  be  reversed.  Before  the  wheel  is  slid  in  the 
direction  of  its  axis  it  must  be  disengaged  from  the  disc,  which 
is  accomplished  either  by  moving  the  bearings  of  the  cross  shaft  in 
planes  perpendicular  to  their  axis  or  by  moving  the  bearing  directly 
behind  the  disc  in  the  direction  of  ifs  axis.  After  the  wheel  has 
been  slid  to  the  desired  position,  wheel  and  disc  are  again  brought 
into  frictional  engagement  by  the  reverse  operation.  This  so 
called  friction  disc  drive,  therefore,  serves  not  only  as  a  speed 
changing  and  reversing  gear,  but  also  performs  the  function  of  a 
friction  clutch.  It  possesses  a  number  of  advantages,  viz.,  ex- 
treme simplicity,  low  cost  of  construction  and  maintenance,  abso- 
lutely silent  operation,  and  the  fact  that  it  furnishes  an  unlimited 
number  of  speed  gradations.  Among  the  weak  points  of  this 
transmission  are  the  unavoidable  loss  of  power  due  to  slipping  at 
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the  contact  surfaces  and  the  fact  that  the  frictional  conditions 
are  impaired  by  oil,  mud,  etc.,  on  the  frictional  surfaces.  Owing 
to  the  necessary  bulk  of  this  mechanism  it  is  impossible  to  prop- 
erly enclose  it. 

Before  taking  up  the  technical  discussion  of  this  drive  it  will 
be  well  to  briefly  describe  some  of  the  numerous  varieties  ot 
friction  transmissions  used  in  automobile  work.  Most  of  the 
drives  described  in  the  following  have  been  used  only  in  single 
cases,  ana  none  can  be  regarded  as  in  common  use  in  the  industry. 

B  in  Fig.  93  illustrates  a  drive  consisting  of  two  oppositely 
located  friction  disca  and  two  friction  wheels  between  them. 
Each  wheel  is  in  frictional  contact  with  one  disc  only,  and  each 
has  a  separate  drive  to  one  of  the  rear  road  wheels.  It  will  be 
noted  that  one  of  the  cross  shafts  is  set  slightly  farther  to  the 
rear  than  the  other,  so  that  each  wheel  may  contact  with  one 
disc  and  clear  the  other.  As  c(Mnpared  with  the  single  disc  drive 
the  construction  has  the  advantage— purchased  at  the  cost  of 
some  complication— that  the  over-all  dimensions  for  a  certain 
transmission  capacity  are  less  and  that  the  need  of  a  differential 
gear  is  dispensed  with.  At  least  no  differential  is  used  with  this 
construction,  although  it  would  seem  that  the  certainty  of  steering 
might  be  somewhat  affected  by  its  absence. 

At  C  is  shown  the  Seitz  design  of  friction  drive,  which  com- 
pnses  a  single  disc  and  two  pairs  of  friction  wheels,  one  pair  on 
either  side  of  the  disc.  Each  friction  wheel  has  its  individual 
shaft,  and  by  means  of  a  suitable  linkage  the  bearings  of  the 
shafts  to  one  side  of  the  ctntft  of  the  disc  can  be  moved  together 
so  the  wheels  on  them  will  pinch  the  disc,  thus  establishing  fric- 
tional driving  connection  with  it  One  pair  of  wheels  serves  for 
the  forward  drive  and  the  other  for  the  reverse,  the  latter  pair 
being  fixed  on  their  respective  shafts,  thus  giving  only  a  single 
reverse  reduction.  Power  is  transmitted  to  a  transverse  jack- 
shaft  by  means  of  roller  chains  which  run  over  sprockets  on  each 
of  the  two  friction  wheel  shafts  corresponding  to  one  direction 
of  motion.  The  chief  advantage  of  this  construction  is  that  there 
is  no  end  thrust  on  the  disc  and  its  shaft,  hence  no  provision 
need  be  made  to  take  it  up  on  thrust  bearings,  and  there  is  no 
chance  of  the  frame  being  distorted  by  the  "off  centre"  pressure 
on  the  disc. 

The  arrangement  illustrated  at  D  combines  a  direct  drive  for 
use  under  all  ordinary  road  conditions.  For  slow  speed  and  re- 
verse operation  the  power  is  transmitted  from  the  driving  disc  A 
(whicn  may  be  the  engine  flywheel)  to  the  two  friction  wheels 
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BB,  and  thence  to  the  friction  wheel  C,  which  is  slidably  mounted 
on  the  driven  shaft  Wheel  C  is  shown  in  the  position  corre- 
sponding to  the  reverse  motion.  Pushing  it  toward  the  driving 
disc  past  the  centres  of  wheels  BB  gives  the  forward  motion,  the 
speed  gradually  increasing  until  wheel  C  is  close  to  the  driving 
disc  A,  Then  the  side  wheels  BB  are  moved  apart  out  of  contact 
with  wheel  C,  and  the  forward  conical  projection  of  the  latter  is 
forced  into  a  conical  recess  formed  in  the  flywheel  rim,  these 


Fig.  93. — Types  of  Continuously  Vaiuable  Friction  Drives. 

parts  acting  as  a  cone  clutch  and  connecting  the  driven  to  the 
driving  shaft  for  the  direct  drive.  This  obviates  the  frictional 
loss  inherent  in  the  operation  of  the  disc  and  wheel  and  also 
makes  the  drive  positive. 

In  all  of  the  friction  drives  so  far  described  the  transmission 
ratio  is  continuously  variable.  However,  there  are  other  fric- 
tional drives  which  do  not  possess  this  feature  of  an  "infinite 
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number  of  gear  changes,"  giving  generally  only  two  forward 
speeds. 

These  change  gears  are  used  on  account  of  their  simple  con- 
struction and  quiet  operation.  Among  these  b  the  friction  cone 
type,  shown  at  A  in  Fig.  94.  This  drive  comprises  two  driven 
members  C  with  double  conical  friction  surfaces  and  three  driv- 
ing cones  A,  B  and  R,  all  mounted  slidably  on  a  feathered  driv- 
ing shaft.  A  gives  the  high  speed  forward,  B  the  low  speed  for- 
ward, and  R  the  reverse,  engagement  being  effected  by  moving 
the  driving  cones  axially  into  contact  with  the  driven  cones. 

Counterparts  of  sliding  and  planetary  change  speed  gears  con- 
taining friction  wheels  instead  of  gear  pinions  have  also  been 


Fig.  94. — Types  of  Stepped  Friction  Drives. 


used,  but  have  been  discarded.  B,  Fig.  94,  illustrates  the  grooved 
friction  wheel  drive  used  by  Charles  E.  Duryea  on  light  vehicles. 
Less  normal  pressure  between  wheels  is  required  when  the 
frictional  surfaces  are  formed  with  V  grooves  than  when  they 
are  smooth,  but  to  balance  this  there  is  somewhat  greater  loss 
at  these  surfaces. 

Materials — ^The  disc  of  a  friction  disc  drive  always  has  a 
metallic  surface.  Aluminum  is  claimed  to  possess  superior  fric- 
tional qualities  and  is  used  by  one  concern  manufacturing  fric- 
tion driven  automobiles,  which  has  a  patent  on  its  use  for  this 
purpose.  However,  cast  iron  is  also  successfully  used.  The 
wheels  are  always  faced  with  some  kind  of  fibrous  material 
which  is  more  or  less  compressible  and  has  a  relatively  high 
coefficient   of    friction   in   contact   with   metal.     Mill   board   is 
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commonly  employed,  and  is  sometimes  indurated*  with  a  tarry 
substance  to  improve  its  frictional  qualities.  The  friction  co- 
efficient between  cast  iron  and  mill  board  under  ordinary  con- 
ditions varies  between  0.25  and  0.30.  The  facing  material  is 
cut  into  rings  which  are  assembled  between  steel  flanges. 

Theoretical  Efficiency— It  is  obvious  that  the  motion  of  the 
wheel  rim  on  the  face  of  the  disc  cannot  be  a  pure  rolling  motion, 
since  both  sides  of  the  wheel  have  the  same  circumference, 
whereas  the  outer  circumference  of  the  contact  ring  on  the  disc 
is  considerably  longer  than  the  inner  circumference.  This  con- 
dition eatails  sliding  motion  and  consequent  frictional  loss.  An 
analytical  investigation  of  this  loss  has  been  made  by  Professor 


Fig.  95. 

Benjamin  Bailey   (The  Hokseless  Age,  July  6,   1910),  whose 
method  we  may  here  follow. 

Referring  to  Fig.  95,  let  n  be  the  inner  and  ra  the  outer 
radius  of  the  contact  ring  on  the  disc.  Imagine  that  the  disc 
is  stationary  and  that  the  wheel  rolls  around  it.  A  little  con- 
sideration will  show  that  the  total  slippage  during  one  revolu- 
tion will  be  the  same  as  if  the  wheel  were  rotated  once  around 
the  centre  point  of  contact  on  the  disc.  This  occurs  when  the 
wheel  is  at  the  entre  of  the  disc.  Let  P  be  the  frictional  force 
on  the  circumference  of  the  wheel,  and  let  it  be  supposed  that 
the  normal  pressure  between  disc  and  wheel  is  just  sufficient 
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to  prevent  slippage  of  the  wheel.    The  frictional  force  per  inch 


in  width  of  the  contact  ring  then  is 


.P 


pounds.    In  Fig. 


96  the  circle  of  diameter  /  represents  the  whole  afea  over  which 
the  slipping  takes  place.  Imagine  that  the  wheel  is  stationary 
at  the  centre  of  the  disc  and  that  the  latter  is  turning  imder 
it  When  the  disc  then  makes  one  complete  revolution,  every 
portion  of  the  circle  of  diameter  /  is  passed  over  twice  by  au 
element  of  the  wheel  circumference.    Now,  consider  an  infinitesi- 


-t-r,-r, 
Fia  96. 

mal  ring  of  width  dr.  If  ^  represents  the  frictional  work  done 
on  the  entire  circle  during  one  revolution,  then  the  work  done 
on  the  ring  dr  is 


dlV^ 


-  4  T  r  dr. 


ri  —  r^ 

Integrating  this  between  the  limits  r  =  o  and  r=(ra  —  ri)/2  we 

(r,-r,)/2 

o 
This,  therefore,  represents  the  power  lost  in  friction  during 
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each  revolution  of  the  disc    The  useful  work  transmitted  dur- 
ing one  revolution  is 

2 

hence  the  efficiency  is 

which  may  be  reduced  to 

s'-i  +  n 
Let  /  be  the  width  of  contact  of  the  wheel  and  r  the  radius  from 
the  centre  of  the  disc  to  the  middle  point  of  contact,  then  the 
formula  for  the  efficiency  may  be  written 


1+*^ 


(33) 


4^ 

With  a  width  of  contact  equal  to  i^  inches  and  a  mean 
radius  of  contact  of  9  inches  (typical  of  high  speed  operation 
on  a  moderate  sized  car),  the  efficiency  figures  out  to  about  96 
per  cent  With  a  mean  radius  of  contact  of  3  inches  (low  gear) 
the  efficiency  figures  out  to  88.8  per  cent. 

In  actual  practice  the  normal  pressure  between  disc  and  wheel 
is  always  greater  than  that  required  to  just  keep  the  wheel  from 
slipping,  and  may  be  far  greater.  This,  of  course,  will  propor- 
tionately increase  the  loss  due  to  slippage.  If  the  ratio  of  the 
actual  normal  pressure  to  that  required  to  just  prevent  slippage 
be  k,  then  the  efficiency  is 


4^ 


(34) 


This  efficiency,  moreover,  is  only  an  ideal  efficiency,  not  taking 
account  of  bearing  losses  and  any  slippage  there  may  be  beyond 
that  required  by  the  difference  in  the  lengths  of  the  inner  and 
outer  circumference  of  the  contact  ring  on  the  disc 

Dimensions  of  Disc  and  Wiieel — From  equation  (33)  it  will 
be  seen  that  the  efficiency  increases  with  the  mean  radius  of  con- 
tact and  as  the  width  of  contact  decreases.  Hence  it  is  desirable 
to  use  as  large  a  disc  as  constructional  limitations  permit  and 
make  the  wheel  as  narrow  as  the  rigidity  and  wearing  qualities 
of  the  facing  will  allow  of.  For  pleasure  cars  a  disc  diameter  of 
20  inches  is  about  the  limit,  because  the  motor  must  be  located 
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low  for  tne  sake  of  stability,  and  yet  a  ground  clearance  of 
about  10  inches  must  be  maintained.  In  commercial  cars,  in 
which  the  power  plant  can  be  placed  somewhat  higher,  the  disc 
may  be  as  large  as  24  inches  in  diameter.  The  wheel  is  gener- 
ally made  of  about  the  same  diameter  as  the  disc,  so  that  when 
it  is  in  the  position  farthest  from  the  centre  of  the  disc  the 
power  is  transroited  without  change  of  speed. 

Suppose  that  a  friction  drive  is  to  be  designed  for  a  four  cylin- 
der 4x5  inch  touring  car.  The  disc  would  be  made,  say,  30  inches 
in  diameter  and  the  friction  wheel  rim  i^  inches  wide.  This 
would  make  the  mean  radius  of  the  contact  ring,  with  the  wheel 
in  the  extreme  high  speed  position,  gH  inches.  The  above  men- 
tioned motor  develops  a  normal-speed  torque  of  108  pounds-feet. 
Hence  the  force  to  be  transmitted  at  a  radius  of  9^  inches  is 
12  X  108  .J 

9* 
and  figuring  on  a  friction  coefficient  of  0.3,  the  necessary  normal 
pressure  is 

^  =^y^  pounds. 
0.3 

On  the  other  hand,  the  friction  device  must  also  be  capable  of 

transmitting  the  full  power  of  the  motor  when  the  wheel  is  at 

only,  say,  3  inches  mean  distance  from  the  centre  of  the  disc,  for 

low  speed  operation.    The  frictional  force  then  is 

^±><J^^  432  pounds, 
3 

and  the  required  normal  pressure 

^^  =  1440  pounds. 

0.3 
Hence  the  mechanism  for  applying  the  wheel  to  the  surface  of 
the  disc  must  enable  the  driver  to  exert  at  least  this  pressure. 

It  is  obvious  that  the  torque  which  may  be  transmitted  by  a 
friction  wheel  and  disc  is  directly  proportional  to  the  diameter 
of  the  disc,  and  it  also  increases  with  the  width  of  face  of  the 
wheel,  provided  the  latter  is  not  too  large.  In  determining  the 
dimensions  it  is  well  to  make  the  disc  as  large  in  diameter  as 
is  permissible  from  the  viewpoints  of  height  of  centre  of  gravity 
and  ground  clearance  required,  and  then  give  the  wheel  a  width 
of  face 

^=4-% '''' 

where  T  is  the  maximum  torque  of  the  motor  (Table  I)  and  D 
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the  outside  diameter  of  the  disc.    In  no  case  should  /  be  greater 
than  —  • 

ID 

Wheel  Sliding  Mechanism — ^The  friction  wheel  is  arranged 
on  a  cross  shaft  either  of  the  fluted  type  or  provided  with  one  or 
more  long  keys.  The  hub  of  the  wheel  is  formed  with  a  groove 
for  a  sliding  collar  for  connection  to  the  operating  lever.  Owing 
to  the  great  range  of  motion  of  the  wheel,  long  armed  levers 
must  be  employed  in  the  operating  mechanism.  Fig.  97  illus- 
trates a  typical  arrangement  of  this  mechanism.    The  position 


Fig.  97.— Wheel  Sliding  Mechanism. 

of  the  friction  wheel  is  controlled  by  a  hand  lever  moving  over 
a  notched  quadrant 

Friction  driven  cars  practically  always  have  a  final  drive  by 
chain,  either  one  or  two  chains  being  used.  With  the  single 
chain  the  sprocket  pinion  is  fixed  to  the  shaft  of  the  friction 
wheel  just  beyond  the  range  of  motion  of  the  wheel  on  the  re- 
versing side,  and  the  shaft  is  carried  in  bearings  secured  to  the 
frame  side  members.  With  the  double  chain  drive  the  differen- 
tial gear  must  be  incorporated  in  the  cross  shaft.    The  friction 
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wheel  then  slides  on  a  hollow  shaft  which  is  secured  to  the 
housing  of  the  differential  gear,  the  cross  shaft  proper  being 
divided  and  each  part  fastened  to  one  side  gear  of  the  differential. 
There  should  be  an  extension  of  the  hollow  shaft  beyond  the 
differential  so  that  this  shaft  may  be  supported  in  bearings  hung 


Fig.  98. — Mounting  for  Wheel  and  Disc  Shafts. 
(Jakob's  Design.) 

from  the  side  frame  members,  which  relieves  the  differential  or 
inner  shafts  of  much  strain. 

Means  for  Engaging  Wheel  and  Disc— Considerable  im- 
portance attaches  to  the  method  of  mounting  the  bearings  for 
the  disc  shaft  and  of  taking  up  the  various  stresses  due  to  the 
normal  pressure  between  the  disc  and  wheel.  As  has  already 
been  shown,  these  stresses  are  of  considerable  magnitude,  and 
they  may  produce  serious  distortions  of  the  frame  unless  suit- 
able means  are  provided  for  taking  them  up.  Fig.  98  illustrates 
a  design  due  to  Victor  Jakob.    The  cross  shaft  is  supported  in 
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two  brackets  riveted  to  the  frame,  being  provided  with  ball  bear- 
ings mounted  in  spherical  housings.  If  required  for  renewing  the 
facing  of  the  wheel,  the  cross  shaft  can  easily  be  removed  toward 
the  rear  after  the  caps  have  been  taken  oif. 

In  order  to  avoid  twisting  of  the  frame  side  members,  due  to 
the  reactions  between  disc  and  wheel,  the  bearings  are  placed 
close  to  the  frame  and  the  axis  of  the  shaft  intersects  the  neu- 
tral axis  of  the  frame  member.  This  arrangement  necessitates 
a  somewhat  higher  location  of  the  motor  than  customary  with 
gear  drives,  but  this  is  required,  anyhow,  in  order  to  obtain  the 
necessary  road  clearance  under  the  disc  and  wheel. 

From  each  of  the  cross  shaft  bearing  brackets  a  tension  rod 


Fig.  99. — Cam  Mechanism  for  Applying  Disc  to  Wheel, 

is  run  straight  forward  to  a  cross  member  which  is  riveted  to 
the  frame.  The  centre  part  of  this  cross  member  is  widened  out 
and  has  a  hole  in  the  web  so  as  to  accommodate  a  barrel  which 
serves  as  a  support  for  the  disc  shaft,  the  barrel  bemg  fastened 
to  the  cross  member  by  an  integral  flange.  The  front  end  of 
the  barrel  is  supported  on  another  cross  member  by  means 
which  permit  of  raising  or  lowering  this  end,  whereby  the  disc 
shaft  and  the  cross  shaft  can  be  leveled  up  properly.  Their  con- 
tinued perpendicularity  is  assured  by  two  tie  rods  which  run 
diagonally  from  the  front  end  of  the  barrel  to  the  point  at  which 
the  parallel  tie  rods  are  connected  to  the  cross  member. 

The  disc  shaft  is  carried  in  the  barrel  on  two  ball  bearings, 
the  one  near  the  disc  being  of  a  combined  radial  and  thrust  type, 
so  as  to  be  able  to  take  the  end  thrust  due  to  the  pressure  of 
engagement    Only  little  end  thrust  has  to  be  taken  up  on  the 
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forward  bearing,  viz.,  that  due  to  the  disengaging  spring,  one  end 
of  which  rests  against  the  outer  race  of  this  bearing,  while  the 
other  end  rests  against  a  shoulder  in  the  barrel.  The  bearings 
are  rigidly  secured  to  the  shaft  and  their  outer  races  slide  in  the 
housing  when  the  disc  and  wheel  are  engaged  and  disengaged. 

The  disc  shaft  is  coupled  to  the  motor  by  a  floating  shaft  hav- 
ing a  universal  joint  at  either  end,  one  of  which  joints  also  has 


Fig.   100. — Diagram  of  Reactions  Due  to  Pressure  of 
Apfucation. 

a  sliding  motion.  Engagement  of  the  friction  members  is  ef- 
fected by  two  cams,  one  on  either  side  of  the  barrel  (Fig.  99). 
These  cams  form  an  integral  piece  with  a  lever,  which  is  con- 
nected to  a  pedal  operated  in  the  usual  manner  by  the  driver. 
The  cams,  which  are  shaped  according  to  a  certain  curve,  press 
against  rollers  mounted  on  studs  which  project  through  slots  in 
the  barrel    The  studs  are  screwed  into  a  sleeve  adapted  to  slide 
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inside  the  barrel  and  resting  against  the  ball  bearing  arrange- 
ment which  carries  the  rear  end  of  the  disc  shaft  The  slots 
through  which  the  roller  studs  project  are  sufficiently  wide  to 
permit  a  slight  degree  of  rotation  of  the  sleeve^  by  which  the 
contact  of  both  cams  with  their  rollers  is  insured 

A  special  feature  of  Mr.  Jakob's  design  is  that  the  reactions 
caused  by  the  engagement  of  the  friction  mechanism  are  taken 
up  entirely  within  a  truss  and  tie  rod  system,  with  the  exception 
of  the  pull  on  the  cam  lever  exerted  by  the  driver.  This  force, 
however,  is  not  very  large,  and  is  well  taken  care  of  by  the  diag- 
onals and  two  cross-members.  That  the  remaining  forces  are 
completely  taken  up  within  the  system  is  shown  by  the  diagram 
Fig.  100.  In  drawing  this  diagram  it  was  assumed  that  in  engag- 
ing the  disc  and  wheel  at  the  point  of  maximum  speed  the  driver 
applied  to  the  pedal  the  pressure  necessary  to  hold  the  two  in 
engagement  in  the  position  of  low  speed  under  full  engine  power, 
viz.,  i»440  pounds.  Compression  and  tension  are  indicated  by 
arrow  heads  turned  toward  each  other  for  the  former,  and  away 
from  each  other  for  the  latter. 

One  of  the  possible  troubles  with  a  friction  disc  drive  that* 
should  be  provided  against  is  that  of  wearing  fiats  on  the  wheel 
by  allowing  the  disc  to  slip  for  extended  periods  on  using  the 
gear  as  a  brake.  Manufacturers  formerly  sometimes  recom- 
mended the  use  of  the  friction  transmission  for  braking  purposes, 
but  this  practice  is  to  be  condemned.  Of  course,  only  an  inex- 
perienced driver  will  cause  the  disc  to  slip  for  a  long  time  on  a 
stationary  wheel 
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UNIVERSAL  AND  SLIP.  JOINTS. 

Universal  joints  serve  the  purpose  of  connecting  shafts  or  con- 
trol rods  whose  axes  lie  in  the  same  plane  but  make  an  angle 
with  each  other.  They  are  particularly  required  when  the  angle 
between  the  shafts  varies  in  service.  In  an  automobile  the  most 
important  application  of  universal  joints  is  in  the  transmission 
line  between  the  spring-supported  parts  and  those  carried  by  the 
driving  axle.  Every  shaft  driven  car  must  have  at  least  one 
universal  joint  in  the  propeller  shaft,  and  many  have  two. 

TYPES    OF    UNIVERSAL    JOINTS. 

'  The  simplest  form  of  universal  joint  consists  of  a  squared 
block  secured  to  one  of  the  shafts  to  be  connected,  fitting  in  a 
square  hole  in  a  sleeve  secured  to  the  other  shaft.  The  four 
faces  of  the  block  are  curved  in  the  direction  «of  the  axis  of  the 
shaft  to  which  the  block  is  fastened.  This  type  of  universal  joint 
is  illustrated  in  Fig.  loi.  It  will  readily  be  seen  that  owing  to 
the  curvature  of  the  faces  of  the  block,  one  of  the  shafts  can  be 
moved  angularly  with  relation  to  the  other  in  two  planes  at 
right  angles  to  each  other:  This  joint  also  constitutes  a  slip  joint. 
The  prototype  of  the  modern  universal  joint  is  the  Hooke  or 
Cardan  joint,  illustrated  in  Fig.  102.  It  consists  of  two  forks, 
each  of  which  is  secured  to  one  of  the  shafts  to  be  connected,  and 
of  a  cross-shaped  part  which  is  connected  to  each  of  the  forks 
by  means  of  a  pin.  In  the  form  here  illustrated  and  as  used  in 
stationary  work,  the  axes  of  the  two  pins  do  not  intersect,  but 
are  at  some  distance  from  each  other  to  allow  of  the  pins  passing 
each^  other.  However,  there  is  an  advantage  in  having  the  pins 
both  in  the  same  plane.  This  end  can  be  attained  by  using  pins 
of  different  diameters  and  passing  cHie  through  the  other,  or  by 
using  one  long  and  two  short  pins.  Cardan  joints  thus  modified 
are  used  in  automobile  work.  In  the  design  illustrated  one  pin 
locks  the  other  in  position  and  is  itself  locked  by  a  cap  screw 
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Fia  loi.— Square  Block  Type  of  Universal  and  Slip  Joint. 

through  one  arm  of  the  cross  and  passing  beneath  the  svrface  of 
the  pin.  • 

A  design  in  which  the  cross  is  replaced  by  a  ring  is  illustrated 
in  Fig.  103.  This  also  comprises  two  forks,  but  instead  of  the 
outer  ends  of  the  forks  having  radial  bearing  holes  drilled  through 
them,  they  are  provided  with  bearing  pins  extending  radially 
outward.  The  ring  has  bearings  for  these  pins  formed  in  iU  It 
is  made  in  halves,  being  split  through  the  centre  lines  of  the  four 
bearings  so  as  to  permit  of  assembling  the  joint.  The  halves 
are  secured  together  by  means  of  cap  screws  and  nuts. 

A  slight  variation  from  the  design  just  described  consists  in 
a  ring  formed  with  four  radial  bearing  pins  and  forks  with  sepa- 
rate bearing  caps,  as  illustrated  in  Fig.  104.  This  type  offers 
particular  advantages  when  the  universal  joint  is  to  be  secured 
to  a  brake  drum,  clutch  drum  or  similar  member,  as  only  one 


ft 


e 


-r 


Fig.   102.— Cross  Type  of  Universal  Joint. 
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Fig.  io^. — Split  Ring  Type  of  Universal  Joint. 

fork  is  required  in  that  case,  the  part  of  the  other  fork  being 
taken  by  a  pair  of  lugs  cast  integral  with  the  web  of  the  brake 
drum,  etc.  This  is  shown  in  the  illustration.  Again,  one  member 
may  be  made  in  the  form  of  a  disc  keyed  to  the  driving  shaft, 
which  forms  part  of  the  universal  joint  housing. 

Probably  the  most  extensively  used  type  of  universal  joint  is 
the  slotted  shell  and  trunnion  block  type,  illustrated  in  Fig.  105. 
This  consists  of  a  cup-shaped  steel  forging  secured  to  one  of  the 
shafts,  with  two  diametrically  opposite  longitudinal  slots  milled 


Fig.  104.— Internal  Ring  Type  of  Joint. 
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Fig.  105.— Block  and  Trunnion  Type  Universal  Joint. 

in  its  shell.  The  other  shaft  is  provided  with  a  ball  shaped  end 
fitting  the  interior  of  the  shell  and  provided  with  pins  or  studs 
extending  into  the  slots.  Hardened  steel  trunnion  blocks  are  in- 
terposed between  the  pins  and  the  walls  of  the  slots  to  distribute 
the  bearing  pressure.  This  type  of  joint,  it  will  be  noted,  serves 
also  as  a  slip  joint,  and  it  can  be  easily  enclosed. 

Periodical  Speed  Fluctuations— A  feature  of  all  of  the 
universal  joints  described  above  is  that  they  do  not  transmit  mo- 
tion uniformly  when  the  shafts  are  at  an  angle  with  each  other; 
that  is  to  say,  if  the  driving  shaft  runs  at  uniform  speed,  the  speed 
of  the  driven  shaft  will  vary  periodically,  being  soon  less  and 
soon  grreater  than  the  speed  of  the  driving  shaft.  The  common 
feature  of  all  of  these  joints  is  that  they  have  two  rocking  axes 
at  right  angles  to  each  other. 

To  gain  an  idea  of  the  mag^nitude  of  the  variation  in  angular 
velocity,  we  will  assume  a  universal  joint  connecting  two  shafts 


Fig!  106. 
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in  a  vertical  plane,  the  driving  shaft  being  placed  horizontally, 
as  in  Fig.  io6.  The  axes  of  the  two  pins  intersect  each  other, 
their  ends  being  designated  by  AA  and  BB,  respectively.  When 
the  joint  is  in  motion  the  line  A  A  describes  a  circle  in  a  vertical 
plane,  and  the  line  BB  a  circle  in  a  plane  making  with  the  vertical 
an  angle  ^,  equal  to  the  angle  between  the  two  shafts.  These  two 
circles  are  great  circles  of  the  same  sphere,  the  common  diameter 
being  a  line  through  the  point  C  perpendicular  to  the  paper. 
Points  A  and  B  always  remain  at  the  same  distance  from  each 
other,  viz.,  one  quadrant  of  a  great  circle.  The  deviation  in  the 
direction  of  travel  is  the  greatest  when  either  point  A  or  point 
B  coincides  with  the  points  of  intersection  of  the  great  circles. 
When  the  points  A  coincide  with  these  points  of  intersection,  the 
angular  speed  of  the  driven  shaft  is  smaller  than  the  angular 
speed  of  the  driving  shaft,  and  when  points  B  coincide  with  these 
points  of  intersection  the  angular  speed  of  the  driven  shaft  is 
greater  than  the  angular  speed  of  the  driving  shaft  There  are 
four  points  in  each  revolution  in  which  driving  and  driven  shafts 
rotate  at  equal  angular  speeds,  these  being  located  substantially 
midway  between  the  points  of  maximum  and  minimum  speeds 
of  the  driven  shaft. 

Let  the  two  large  arcs  in  Fig.  107  represent  the  great  circles  in 
which  the  points  A  and  B  travel.  Let  point  A  travel  from  the 
point  of  intersection  to  point  A*  and  point  B  travel  at  the  same 
time  to  B\  which  is  determined  by  the  fact  that  A*  B'  must  be  a 
quadrant  Now,  lay  off  from  the  point  B'  on  the  line  of  travel 
of  point  B  a  quadrant,  or  90  degrees,  which  will  give  point  C. 
Through  A'  and  C  draw  an  arc  of  a  great  circle.  Angles  B'  A' 
C  and  B'  C  A'  are  both  right  angles  (because  their  opposite  sides 
are  quadrants),  hence  angle  A  C  A*  is  z  right  angle.  We,  there- 
fore, have  a  right-angled  spherical  triangle  A  A'  C,  the  angle  A' 
A  C  oi  which  is  equal  to  the  angle  between  the  two  connected 
shafts,  the  side  AA'oi  which  represents  the  angular  motion  of 
the  driving  shaft,  and  the  side  A  C  the  angular  motion  of  the 
driven  shaft  during  a  short  period  after  the  point  A  has  passed 
through  the  point  of  intersection;  in  other  words,  when  the  pin 
of  the  driving  shaft  is  at  right  angles  to  the  plane  through  the 
two  connected  shafts. 

According  to  a  theorem  of  spherical  trigonometry 
cos  A'AC^tan  A  C  cot  A  A' (36) 

Since  the  tangent  is  the  reciprocal  of  the  cotangent  we  may 
write  this  » 

tan  AC 


tan  A  A' 


-  cos  A'  A  C, 
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and  since  for  very  small  angles  the  tangents  are  proportional  to 
their  angles,  we  have 
A  C 


A  A' 


,  =  cosA'  A  C. 


(37) 


Therefore,  when  the  pin  of  the  driving  shaft  is  perpendicular  to 
the  plane  through  the  connected  shafts  the  angular  velocity  of 
the  driven  shaft  is  smaller  than  the  angular  velocity  of  the  driv- 
ing shaft  in  the  proportion  of  the  cosine  of  the  angle  between  the 
two  shafts  to  unity.  It  may  be  shown  in  a  similar  way  that  when 
the  pin  on  the  driving  shaft  is  in  the  plane  of  the  two  connected 


Fig.  107. 

shafts  the  driven  shaft  runs  faster  than  the  driving  shaft  in  the 
inverse  proportion. 

It  is  also  of  interest  to  find  an  expression  for  the  momentary 
ratio  of  angular  velocities  at  any  point  in  the  revolution  of  the 
driving  shaft.  To  simplify  the  expressions,  we  will  denote  the 
angle  A'  A  C  by  ^,  the  side  A  A'  by  a  and  the  side  AC  by  b. 
Then  we  have  as  before  (Equation  36) 
tan  b  =  cos  0  tan  a (38) 
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Differentiating,  wc  have 

se(^  bdb  =  cos  0  se{^  a  da 
and 

f?t  =  cos0*^ .' (39) 

da  se<r  b 

which  gives  the  ratio  of  angular  velocities  at  any  moment  in 
terms  of  0,  a  and  h.  It  is  preferable,  however,  to  express  the 
value  in  terms  of  0  and  a  only,  as  fr  is  not  directly  known,  and 
the  latter  can  be  easily  eliminated.  Squaring  equation  (j8)  we 
have 

tan*  b  =  cos^  <f>  tav?  a. 
Adding  i  to  each  side  of  the  equation — 

I  +/a»*  ft  =  I  +  cos^  0  tan^  a (40) 

But  since 

I  -|-  tan*  b  =  sec*  b, 

we  may  substitute  the  right  hand  term  of  equation  (40)  for  se<^  b 

in  equatipn  (39) 

db  .  sec*  a  / 

—.  =  cos4>  — i ^— - — j- , (41 

da  1  +  cos^  <p  tafr  a 

which  gives  the  ratio  of  angular  velocities  after  any  angular  move- 
ment a  of  the  driving  shaft  from  the  zero  position  in  which  the 
pin  of  the  driving  fork  is  perpendicular  to  the  plane  through  the 
two  shafts.    When  a  =  o  equation  (41)  reduces  to 

db  , 

—  =  cos  0. 
da 

which  is  the  same  as  already  found  for  the  position  of  minimum 
speed  of  the  driven  shaft. 

The  curve,  Fig.  108,  shows  the  variation  in  speed  of  the  driven 
shaft  during  a  motion  of  one-half  a  revolution  or  180  degrees 
the  driving  shaft  making  1,000  r.  p.  m.  and  the  angle  between  the 
shafts  (0)  being  30  degrees.  We  start  with  the  position  where 
the  pin  of  the  driving  fork  is  perpendicular  to  the  plane  of  the 
two  shafts.  In  this  position  the  driven  shaft  rotates  at  the  rate 
of  866  r.  p.  m.,  its  lowest  speed.  The  speed  of  the  driven  shaft 
increases  until  after  a  little  more  than  45  degrees  motion  of  the 
driving  shaft  it  equals  the  speed  of  the  latter.  It  keeps  on 
increasing,  and  after  90  degrees  motion,  when  the  pin  of  the 
driving  fork  is  in  the  plane  of  the  connected  shafts,  it  attains  its 
maximum  speed  of  1,155  r.  p.  m  Then  it  decreases  again,  accord- 
ing to  the  same  curve,  until  after  180  degrees,  or  one-half  revo- 
lution, it  again  attains  its  minimum  speed  of  866  r.  p.  m.  During 
one  revolution  the  speed  of  the  driven  shaft,  therefore,  passes 
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through  two  maxima  and  two  minima.  Its  average  speed,'  of 
course,  is  the  same  as  that  of  the  driving  shaft,  and  the  speed 
fluctuation  amounts  to 

( 1 155  — 866)  X  100  - 


1,000 


-TB.gper  cent. 


The  following  table  gives  the  speed  fluctuations  in  the  driven 
shaft  corresponding  to  different  angles  between  shafts,  the  speed 
of  the  driving  shaft  being  assumed  to  be  constant : 


Angle  4t 
(Degrees.) 

a 

X 

8 
10 
12 

14 


Fluctuation 

Angle  0 

(Per  Cent.) 

(Degrees.) 

0.15 

x6 

0-5 

18 

I.I 

20 

2. 

22 

3- 

*^ 

4.4 

26 

6. 

28 

Fluctuation 
(Per  Cent.) 

7.9 
xo. 
xa.4 

;i: 

21.3 
25. 


-fo-      CO*      oo»    foo*     120^ 

Motion  (/  I>ntfiny  Shc^ 

Fig.  108.— Variation  of  Dioven  Shaft  Speed. 

.    (Angle  Between   Shafts,  30  Degrees.) 

This  fluctuation  in  the  speed  of  transmission  is  a  matter  of 
great  moment.  In  a  gasoline  automobile  we  have  at  one  end  of 
the  transmission  line  the  motor,  whose  speed  is  maintained  sub- 
stantially constant  by  a  heavy  flywheel,  and  at  the  other  end  the 
car,  which,  when  running  at  high  speed,  also  has  its  speed  main- 
tained by  inertia.  But  if  the  transmission  is  effected  through  a 
single  universal  joint  working  at  an  appreciable  angle,  the  speed 
of  either  the  car  or  the  engine,  or  of  both,  must  of  necessity 
change  greatly  in  a  quarter  revolution  of  the  driving  shaft  The 
flywheel  inertia  strongly  resists  such  a  change  in  the  speed  of  the 
engine,  and  the  car  inertia  a  change  in  the  speed  of  the  car,  and 


Digitized  by ' 


Google     — 


m  UNIVERSAL  AND  SLIP  JOINTS 

the  result  is  that  every  part  of  the  transmission  line  is  subjected 
to  enormous  stresses.  Not  the  least  to  suffer  under  these  stresses 
are  the  tires,  which  tend  to  slip  on  the  ground  as  the  car  tends  to 
suddenly  accelerate.  To  minimize  these  stresses  the  drive  must  be 
so  arranged  that  the  two  shafts  are  always  nearly  in  line  with 
each  other.  They  can  be  entirely  eliminated  by  using  two  uni- 
versal joints  in  series.  We  found  that  the  speed  of  transmission 
is  reduced  in  a  certain  ratio  when  the  pin  of  the  driving  fork  is 
perpendicular  to  the  plane  through  the  shafts  and  increased  in  the 
inverse  proportion  when  the  pin  of  the  driving  shaft  is  in  the 
plane  of  the  shafts.  These  two  positions  aft  90  degrees  apart 
Hence,  by  arranging  two  universal  jointis  in  series  (Fig.  109)  in. 
such  relation  that  the  driving  fork  or  corresponding  member  of 


Fig.   109.— Angular  Relation  of    Double    Universal    Joints 
TO  Insure  Uniform  Transmission  of  Motion. 

the  second  is  set  at  an  angle  of  90  degrees  with  respect  to  the  driv- 
ing fork  of  the  first,  and  so  that  the  driving  and  driven  shafts  are 
parallel,  both  making  the  same  angle  with  the  intermediate  shaft, 
then  motion  will  be  uniformly  transmitted  from  the  driving  to  the 
driven  shaft.  In  other  words,  the  pins  at  the  ends  of  the 
intermediate  shaft  must  be  in  the  same  plane,  or  parallel.  The 
intermediate  shaft,  of  course,  will  still  revolve  non-uniformly 
if  there  is  an  angle  between  it  and  either  of  the  shafts  con- 
nected by  it,  but  since  it  has  very  little  inertia  this  is  of  no 
importance. 

The  Square  Block  Type— The  square  block  type  of  joint 
can  hardly  be  recommended  for  such  important  work  as  in  the 
transmission  from  the  gear  box  to  the  rear  axle.  It  has  given  very 
good  satisfaction  in  individual  cases,  but  failed  absolutely  in  other 
cars  of  the  same  make.  It  must  be  remembered  that  in  this  tyr»e 
of  joint  there  is  a  line  contact  only,  and  the  bearing  pressures  are 
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necessarily  very  high.  Therefore,  if  lubrication  is  neglected  or  if 
the  bearing  surfaces  are  not  uniformly  hardened,  cutting  sets  in, 
and  once  there  is  a  little  play  the  joint  is  soon  hammered  out 
This  type  of  joint  was  employed  in  the  1909  model  of  a  popular 
American  make  of  medium  priced  car,  but  was  discarded  the 
next  season.  For  a  four  cylinder  3^x4^  inch  engine  the  block 
measured  2x2  inches  and  was  ^  inch  wide. 

The  contact  surfaces  of  the  block  are  made  cylindrical.  If  the 
block  were  made  a  good  fit  in  the  sleeve  it  would,  of  course,  be 
possible  to  rock  it  in  one  or  the  other  of  two  planes,  but  not  in 
both  simultaneously.  However,  the  block  in  service  has  to  rock 
relatively  to  the  sleeve  in  every  direction,  and  to  make  this  possi- 
ble it  must  have  a  certain  amount  of  play  in  the  sleeve  when 
their  axes  are  parallel.  This  play,  of  course,  must  be  made  as 
small  as  possible,  because  it  is  a  source  of  noise  and  wear,  and 
it  will  naturally  increase  in  use.  The  problem  of  the  amount  of 
play  required  in  square,  pentagonal  and  hexagonal  block  joints 
to  allow  operation  at  certain  limiting  angles  has  been  investigated 
by  O.  Winkler   {Der  Motonvagen,  Nos.  3  and  4,  1912),  who 

finds  that  the  ratio  ^  of  the  diameter  of  the  block  and  that  of 

the  recess  should  be  as  follows  for  various  limiting  angular  mo- 
tions. 
Limiting 
Angle  of 

Operation.                            Ratios  of    Block   to    Recess  Diameters 

(Degrees.)                  Square.  Pentagon.  Hexagon. 

2                        I. 00031  i.oooaa  I. 00015 

i.ooxaa  X. 00088  z. 0006a 

1.00276  X. 00x98  I. 00x39 


i 


8  1.00490  I -00353  x.ooaii7 

10  X. 00766  I. 00551  X. 00386 

la  z.oiioa  1.00793  1*00555 

14  1.01501  1. 01080*        ,  X.007C6 

16  I. 01960  1.01411  z. 00988 

18  I. 02481  I. 01785  I. 01250 

20  1.03062  1.02204  z. 01 543 

Calculation  of  Forked  Types. — In  designing  the  forks  for 
universal  joints  comprising  such  members,  conflicting  requirements 
are  met  with.  That  is,  if  the  fork  arms  are  spread  far  apart  the 
pressures  on  the  bearings  will  be  reduced  and  the  f  rictional  loss 
consequently  will  be  less,  but,  on  the  other  hand,  the  joint  has  to 
be  enclosed  and  forks  of  wide  spread  necessitate  a  bulky  and 
heavy  casing.  Usually  the  joint  is  made  as  compact  as  possible, 
and  the  bearings  are  made  large  enough  to  withstand  the  pres- 
sure. The  distance  between  the  middle  points  of  opposite  bearings 
IS  usually  about  three  times  the  shaft  diameter.  This  distance, 
of  course,  is  a  matter  of  choice,  but  a  good  approximation  to 


Google         — 


Digitized  by  VjOOQ 


170  UNIVERSAL  AND  SLIP  JOINTS. 

average  modern  practice  in  the  universal  joints  of  propeller  shafts 
is  obtained  by  making  it 
s 

rf  =  o .  8  -y  y • (42) 

where  T  is  the  normal  speed  torque  of  the  motor.  Of  course, 
the  greatest  torque  is  transmitted  by  the  propeller  shaft  uni- 
versals  when  the  low  gear  is  in  operation,  and  in  the  calculation 
of  the  parts  for  mechanical  strength  it  is  well  to  start  with  the 
maximum  torque  available  on  the  low  gear.  On  the  other  hand, 
in  determining  the  bearing  surfaces  the  pressures  on  direct  drive 
should  be  figured  with,  as  in  most  cars  the  direct  drive  is  used 
a  very  large  proportion  of  the  time;  and,  besides,  the  rubbing 
speed  at  the  bearing  surfaces  of  the  universal  is  far  greater  when 
the  direct  drive  is  in  operation  than  when  the  power  is  trans- 
mitted through  the  low  gear.  The  bearings  of  universal  joints  of 
the  types  shown  in  Figs.  102-105  are  so  proportioned  that  the  unit 
bearing  pressure  at  full  engine  load  on  direct  drive  is  500  pounds 
per  square  inch.  The  length  and  diameter  of  the  bearings  usually 
bear  to  each  other  the  ratio  of  4  to  3. 

We  will  now  illustrate  the  calculation  of  a  universal  joint  by  a 
practical  example.  The  joint,  we  will  suppose,  is  to  transmit  the 
power  of  a  four  cylinder  4x5  inch  motor  (normal  speed  torques 
108  |bs.-ft),  and  the  low  gear  ratio  is  3.2. 

The  distance  between  the  middle  points  of  the  bearings  would  be 

s    

o .  8  -^/io8  ^^  3  •  8 1  —  say  3}  inches. 

This  gives  a  mean  bearing  radius  oi  iJi  inches  and  makes  the 

bearing  pressure  for  the  direct  drive 

108  X  12      ^      -        , 
-^ —  =691  pounds. 

This  pressure  being  taken  up  on  two  bearings,  the  pressure  on 
each  is  345.5  pounds,  and  at  500  pounds  per  square  inch  the  pro- 
jected area  of  each  must  be 

Mil?  =o.6gi  square  inch. 
500 

If  the  length  of  the  bearing  is  to  be  4/3  the  diameter,  then  the 

projected  area  is  4/3  d^  and 

^d}  =0.691  square  inch, 
3 

rf*  =  -^  X  0.691  =0.518  square  inch 

and 

^=  -v/oTsiS  =0.72  —  say,  }  inch. 
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The  length  is 

-^  X  o . 72  =  0.96  —  sayy  I  inch, 
3 

It  is  to  be  remembered  that  if  the  bearings  are  spaced  farther  apart 

their  dimension^  can  be  made  smaller. 

The   low   speed   or   maximum   torque  of   our   motor   is    133 

pounds- feet,  and  the  torque  to  be  figured  on  in  calculating  parts 

for  strength  is 

3.2x133=  425.6  pounds-feet. 

If  the  universal  joint  is  to  be  secured  to  the  shaft  with  a  key  its 

hub  18  generally  made  with  a  diameter  of  1.6  the  shaft  diameter, 

and  its  length  is  made  about  the  same  as  its  outside  diameter. 


Fig.   no. — Determination  of  Stress  in   Fork  Arm. 

Assuming  the  propeller  shaft  to  be  of  1%  inches  diameter,  the 
hub  diameter  and  length  should  be 

i.6y>i.2S  =  2  inches. 
We  now  have  the  sizes  of  the  hub  and  the  bearings  and  their 
relative  positions.    We  lay  these  down  on  the  drawing  board  and 
sketch  in  the  arms,  as  shown  in  Fig.  no.    When  the  car  is  run- 
ning under  full  power  on  the  low  gear  there  is  a  normal  force  of 
425  X  12  ^ 
2Xii 

acting  at  point  a.  Now,  we  take  any  section  of  the  arm  like  A  A 
and  draw  a  perpendicular  ch  to  the  middle  point  of  this  section. 
Next  we  construct  a  right-angled  triangle  with  ch  as  the  base  and 
a  as  the  apex.  Evidently  the  force  of  1,360  lbs.,  acting  normally  to 
the  paper  at  a  produces  in  the  section  AA  of  the  arm  a  torsional 


4l5_A_"  ^  J  2^  pounds 
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stress  proportional  to  the  arm  ab  (which  by  measurement  is  found 
to  be  H  inch),  and  a  bending  stress  proportional  to  arm  cb 
(which  is  found  to  be  i^  inches).    Hence  the  torsional  moment  is 

Af  t  =  fi  X  1360  =850  pounds-inches, 
and  the  bending  moment. 

Mh^i^x  1360  =  1700    pounds-inches. 

As  drawn  in  Fig.  no,  the  section  of  the  arm  at  AA  is  equiva- 
lent to  a  rectangle  measuring  ^  inch  x  iH  inches.  The  proper 
method  of  procedure  is  to  assume  a  section  like  this,  and  then 
calculate  the  stress  in  the  arm  under  the  combined  bending  and 
torsional  moments,  and  if  it  figures  out  either  too  high  or  too 
low  to  change  the  section  accordingly. 

We  first  find  the  stress  due  to  the  bending  moment,  and  that 
due  to  the  torsional  moment  separately,  and  then  combine  the 
two.    The  bending  stress  is  found  by  means  of  the  equation 

where  M  is  the  bending  moment,  c  the  distance  of  the  outermost 
fibre  from  the  neutral  axis,  and  /  the  moment  of  inertia  of  the 
section  around  the  neutral  axis  for  bending  stresses.  M  in  our 
case  is  1700  pounds-inches;  c,  ^  inch,  and  / 

i><if= 0.08x4 

12 

Hence  the  bending  stress  is 

1,700X0.625  ^  j^^^^^  ^^^^jj  p^^  ^^^^^^  >^^^ 
0.0814 
The  formula  for  the  shearing  stress  due  to  the  torsion  is  ex- 
actly the  same  as  that  for  the  bending  stress,  but  /  in  this  case 
represents  the  polar  moment  of  inertia  of  the  section,  and  M  and 
c,  of  course,  have  different  values. 

^=850  pounds-inches, 

12       '       12 
Hence,  the  stress  due  to  torsion  is 

50  X  o.  73  _  g  Q^  pounds  per  square  inch. 
0.0944 
Calling  the  bending  stress  Sb  and  the  torsional  stress  St,  the 
total  stress  in  the  material  is 


(Merriman,  Mechanics  of  Materials,  Fourth   Edition,  p.   152). 
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Hence  in  this  case  the  combined  stress  is 

l^^^  +  4/6,060^  ■+■  £3!£51*  =  15,430  pounds  per  square  inch, 
2  T  4 

which  is  reasonable,  though  somewhat  higher  than  the  stress  in 

the  shaft    If  it  is  thought  desirable,  a  similar  calculation  can  be 

carried  through  for  another  section  of  the  arm,  but  usually  a 

single  calculation  would  be  considered  sufficient,  the  arm  being 

tapered  slightly  from  end  to  end.    The  forks  are  generally  drop 

forged  and  occasionally  cast,  and  the  section  must  be  given  the 

necessary  draft  of  about  8  degrees.    The  thickness  of  the  walls 

of  the  bearing  hubs  and  the  cross  can  be  made 

—  -f-  —   inch,  where  d  is  the  diameter  of  the  pin. 
4       16 

This  makes  the  bearing  diameter  larger  than  the  cross  diameter 
by  twice  the  thickness  of  the  bushing.  For  the  sake  of  appear- 
ance it  is  well  to  have  the  two*  diameters  approach  each  other 
gradually  at  the  junction,  and  this  can  be  accomplished  by  either 
making  the  bearing  hub  barrel  shaped,  as  shown,  or  else  provid- 
ing the  cross  with  circumferential  flanges  at  the  ends  of  its  arms. 
These  flanges  strengthen  it  considerably  and  permit  of  reducing 
the  thickness  of  the  metal  between  them. 

Calculation  off  Block  and  Trunnion  Type— In  this  type  of 
universal  joint  the  bore  of  the  shell  is  made  sufficiently  large 
to  allow  the  shaft  the  necessary  freedom  of  angular  motion, 
and,  therefore,  can  be  best  determined  on  the  drawing  board. 
The  pins  are  so  proportioned  that  the  unit  pressure  on  them 
when  the  engine  is  driving  direct  at  normal  speed  under  full 
power,  figures  out  to  about  1,000  pounds  per  square  inch.  The 
unit  pressure  between  the  blocks  and  the  walls  of  the  slot 
can  be  made  between  600  and  700  pounds  per  square  inch.  The 
trunnions  are  generally  made  of  about  the  same  length  as  their 
diameter.  As  a  precaution,  the  stress  at  the  bottom  section  of 
the  pin  corresponding  to  maximum  engine  torque  and  low  gear 
operation,  should  be  calculated.  All  of  the  bearing  parts  of  a 
joint  of  this  type  should  be  hardened  or  case  hardened  and 
ground.  It  is  the  hardened  steel  bearing  surfaces  that  make 
possible  the  greater  unit  bearing  pressures  as  compared  with 
other  types  of  universal  joints.  The  length  of  the  slots  will 
depend  somewhat  on  the  spring  action  and  on  the  length  and 
inclination  of  the  shafts  to  be  connected.  It  is  generally  about 
equal  to  the  outside  diameter  of  the  shell. 

This  type  of  joint  is  very  largely  used  at  the  rear  end  of  a 
propeller  shaft  provided  with  two  universal  joints,  serving  both 
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as  a  universal  and  slip  joint  Occasionally  two  of  these  joints 
are  used  in  a  single  shaft,  in  which  case  it  is  necessary  to  hold 
the  ball  of  one  joint  between  stops  or  to  centre  the  shaft  be- 
tween springs,  as  illustrated  in  Fig.  105.  Neglect  of  this  pre- 
caution will  not  only  result  in  noisy  operation,  but  will  make 
it  difficult  to  keep  the  lubricant  in  the  joint  housing.  The  slid- 
ing blocks  should  preferably  be  cut  with  slanting  oil  grooves 
across  their  bearing  surfaces  to  insure  effective  lubrication. 

Lubrication  and  Dust  Protection— On  the  earlier  shaft 
driven  cars  the  universal  joints  were  not  enclosed  and  it  was 
found  very  difficult  to  lubricate  them  effectively.  Centrifugal 
force  would  cause  the  joint  to  throw  the  oil  off  and  grit  would 
work  into  the  bearings  and  cause  their  rapid  destruction.    This 


Fig.  III.— Leather  Boot  for  Universal  Joint. 

was  remedied  to  an  extent  by  making  the  bearing  bushings 
thimble  shaped,  that  is,  ''blind"  at  their  outer  end,  but  the  most 
effective  remedy  undoubtedly  consists  in  enclosing  the  whole 
joint  oil  and  dust  proof.  There  are  various  methods  of  accom- 
plishing this. 

The  universal  joint  which  is  easiest  to  enclose  is  the  block 
and  trunnion  type.  As  shown  in  Fig.  iii,  it  is  provided  with  a 
tight  fitting  tubular  steel  housing  over  the  part  which  we  have 
called  the  shell,  fitted  against  a  shoulder  turned  thereon  and 
secured  in  position  by  means  of  a  couple  of  machine  screws. 
This  housing  can  have  a  groove  formed  on  it  at  its  open  end 
to  which  a  leather  boot  can  be  fastened  whose  other  end  is 
tied  around  the  shaft     It  is  a  good  plan  to  rivet  a  fitting, 
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closed  by  a  quarter  inch  pipe  plug,  to  the  leather  boot,  for 
convenience  in  replenishing  the  lubricant.  The  leather  boot  is 
fastened  in  place  by  means  of  clamps,  similar  to  hose  clamps. 
If  one  end  is  clamped  tight  to  the  shaft,  sufficient  slack  must 
be  allowed  in  the  boot  to  permit  the  shaft  to  swing  freely  in 
all  directions  through  its  maximum  operating  angle.  Some 
makers  clamp  the  small  end  of  the  boots  to  a  sliding  sleeve 
on  the  shaft,  enabling  the  boot  to  readily  accommodate  itself 
to  varying  angularities  between  the  two  shafts. 

Another  form  of  universal  joint  housing  is  illustrated  in  Fig. 
112.    One  member  of  the  joint  is  made  in  the  form  of  a  plate  to 


Fig.  112. — Sheet  Metal  Housing. 

which  is  bolted  a  spun  sheet  metal  housing  which  is  partly 
cylindrical  and  partly  spherical.  Against  the  spherical  portion 
of  this  housing  bears  another  sheet  metal  part  in  the  form 
of  a  spherical  zone,  the  latter  being  secured  to  the  hub  of  the 
universal  joint  fork.  This  type  of  housing  is  applicable  only 
to  joints  whose  two  axes  intersect,  and  the  centre  of  the  spher- 
ical portions  must  be  at  the  point  of  intersection  of  these  two 
axes.  The  cover  plate  is  formed  with  a  groove  near  its  edge 
which  is  filled  with  packing  material. 

Fig.  113  shows  still  another  form  of  housing.  It  is  sub- 
stantially ball  shaped  and  consists  of  three  parts.  Two  of 
these  are  bolted  together  and  form,  between  them,  bearings  for 
two  of  the  trunnions  of  a  cross,  one  of  these  two  parts  being 
keyed  to  one  of  the  connected  shafts.    The  arms  of  the  cross 
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are  of  unequal  length,  the  two  longer  arms  having  bearings  in 
the  housing,  and  the  two  shorter  ones  in  the  ends  of  the  arms 
of  a  fork  secured  to  the  other  shaft.  The  latter  shaft  extends 
through  a  circular  opening  in  the  ball  shaped  housing,  sufficiently 
larger  than  the  shaft  to  permit  of  its  swinging  to  the  maximum 
angle  of  operation  in  any  direction.  This  opening  is  closed 
by  a  zone  shaped  cover  which  is  pressed  against  a  machined 
surface  on  the  inside  of  the  housing  by  a  coiled  spring. 

Where  a  single  universal  joint  is  used  in  the  propeller  shaft 
and  the  latter  is  surrounded  by  a  torque  tube,  the  forward  end 
of  this  torque  tube  is  often  supported  by  a  ball  and  socket 


Fig.  113. — Enclosed  Universal  Joint. 

joint,  secured  to  a  cross  frame  member,  the  ball  being  made 
hollow  and  serving  as  a  housing  for  the  universal. 

Anti-Friction  Bearing  Universals — Anti-friction  bearings 
have  been  used  in  universal  joints  to  a  small  extent.  Fig.  114 
shows  the  Lancia  joint  which  is  fitted  with  radial  ball  bearings. 
It  is  of  the  fork  and  internal  ring  type.  The  use  of  ball  bear- 
ings has  led  to  a  special  method  of  assembling.  It  will  be 
seen  that  the  fork  ends  are  slotted,  the  slots  being  just  large 
enough  to  permit  of  the  trunnions  being  passed  through  them. 
The  ball  bearings  are  then  slipped  over  the  trunnions  and  into 
their  seats  in  the  fork  ends  and  the  outer  races  are  secured  in 
place  by  means  of  cap  plates.  The  H.  H.  Franklin  Mfg.  Co. 
uses  rollers  in  the  blocks  of  a  block  and  trunnion  type  of  uni- 
versal joint.    These  entirely  fill  the  space  between  block  and 


Digitized  by 


Google 


UNIVERSAL  AND  SLIP  JOINTS. 


177 


trunnion,  and  are  held  in  place  by  end  washers,  no  cages 
being  used. 

It  is  hardly  to  be  expected  that  much  saving  in  power  will 
result  from  the  use  of  anti-friction  bearings  at  this  point,  be- 
cause of  the  small  angularity  of  the  shafts  and  the  consequent 
limited  motion  at  the  joint  bearings  in  modern  cars.  Probably 
the  chief  advantage  of  such  bearings  in  this  place  is  that  they 
are  not  so  easily  damaged  as  plain  bearings  if  the  lubrication 
should  be  neglected. 

Slip  Joints— Unless  a  combined  universal  and  slip  joint  like 
the  square  block  type  or  the  block  and  trunnion  type  is  used 


Fig.  114.— Lancia  Ball  Bsasing  Universal  Joint. 

in  the  propeller  shaft,  a  special  slip  joint  must  be  provided 
to  allow  for  variations  in  the  distance  between  the  change  gear 
box  and  the  rear  axle  housing,  due  to  play  of  the  springs.  This 
may  be  either  a  squared  or  a  fluted  shaft  with  a  corresponding 
hub  or  sleeve.  It  may  be  stated  at  once  that  the  block  and 
trunnion  type  of  joint  is  far  preferable,  since  the  sliding  motion 
occurs  farther  away  from  the  axis  of  rotation,  hence  the  pres- 
sure on  the  sliding  surface,  and  consequently  the  resistance 
to  sliding,  is  much  smaller.  Fig.  114  illustrates  a  four  fluted 
sliding  joint.  Six  fluted  shafts  are  also  used.  These  joints 
should  be  calculated  for  about  the  same  unit  surface  pressure 
as  occurs  on  the  blocks  of  block  and  trunnion  joints,  and  their 
lubrication  should  be  carefully  provided  for. 

Miscellaneous  Types — The  universal  joints  so  far  described 
in  this  chapter   cover  all  types  ordinarily  employed  in  the  drive 
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Fig.   115.— Frictionless   Universal  Joint. 

between  spring  suspended  transmission  members  and  the  rear 
axle.  There  are  several  other  types  which  are  not  suited  for 
use  where  the  angularity  of  the  shafts  may  vary  greatly,  but 
which  possess  special  advantages  when  used  for  connecting 
shafts  which  are  always  nearly  in  line  with  each  other.  The 
spur  and  internal  gear  type  of  universal  (Fig.  40)  was  described 
in  the  chapter  on  clutches.  This  type  is  also  sometimes  used 
in  rear  axles  of  cambered  design,  for  which  application  it  is 
particularly  suited,  owing  to  its  compactness  and  its  relatively 
large  bearing  surfaces.  It  possesses  one  theoretical  advantage, 
namely,  that,  in  contrast  to  the  ordinary  types,  it  transmits 
motion  uniformly,  which  is  due  to  the  fact  that  it  has  a  large 
number  of  rocking  axes,   instead  of  only  two.     But  the  very 


Fig.  116. — Drawn  Steel  Shell  for  Block  and  Trunnion 
Type  Joint. 
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nature  of  its  design  prevents  it  from  being  operated  at  large 
angles  where  this  property  would  be  of  great  advantage. 

Another  interesting  type  of  universal  also  sometimes  used 
between  the  clutch  and  change  gear  is  the  "frictionless/'  illus- 
trated in  Fig.  115.  It  consists  of  two  forks  placed  at  right 
angles  to  each  other,  which  are  connected  by  a  spring  steel 
plate  or  ring.  From  the  standpoint  of  mechanical  efficiency 
this  joint  must  certainly  stand  very  high,  for  it  has  no  bearings 
with  their  attendant  frictional  losses,  and  the  energy  stored 
up  in  the  spring  steel  while  it  is  sprung  is  almost  entirely 
restored  owing  to  the  high  elasticity  of  steel  But,  of  course, 
this  type  of  joint  is  also  limited  to  operation  at  small  angles. 
A  leather  disc  is  sometimes  used  instead  of  the  steel  plate. 

Constructional  Details — ^The  forks  and  rings  or  crosses  of 
universal  joints  are  drop  forged  from  low  carbon  steel  The 
bearing  bushings  are  preferably  made  of  phosphor  bronze,  owing 
to  the  high  unit  presures.  Phosphor  bronze  is  also  sometimes 
used  for  the  blocks  of  block  and  trunnion  type  universals,  but 
it  is  the  more  common,  and  undoubtedly  preferable,  practice 
to  make  these  of  tool  steel  One  German  firm  draws  the 
so  called  shell  of  block  and  trunnion  type  joints  in  the  press, 
making  them  of  the  cross  section  shown  in  Fig.  116,  and  it 
has  been  suggested  to  make  these  shells  with  renewable  guide- 
ways  for  the  blocks,  but  it  would  seem  that  little  could  be 
gained  thereby. 
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CHAPTER  VII. 


THE  DIFFERENTIAL  GEAR. 

The  purpose  of  the  differential  gear,  as  explained  in  Chapter  I, 
is  to  permit  of  equally  dividing  the  driving  effort  of  a  single 
source  of  motive  power  between  two  driving  wheels  and  to  allow 
cars  driven  through  wheels  on  opposite  sides  to  be  freely  steered. 
There  are  two  general  types  of  differential  gears,  viz.,  the  bevel 
type  and  the  spur  type. 

A  bevel  type  differential  gear  consists  of  two  bevel  gears  ar- 
ranged coaxially  and  facing  each  other,  and  a  varying  number 
of  bevel  pinions  between  them  meshing  with  both  of  the  gears. 
Generally  either  three  or  four  pinions  are  used,  which  are  placed 
at  equal  angular  distances.  The  pinions  are  capable  of  rotating 
on  radial  studs  which  are  clamped  at  their  outer  ends  between 
the  two  halves  of  a  housing  or  skeleton  frame.  This  frame  is 
provided  with  hubs  carried  in  ball  or  roller  bearings  in  the  rear 
axle  or  jackshaft  housing  and  with  a  flange  to  which  the  driven 
bevel  gear,  sprocket,  etc.,  can  be  secured. 

Action  off  the  Differential — Power  is  thus  applied  to  the 
frame  or  housing  of  the  differential.  The  housing  transmits  it  to 
the  bevel  pinions,  the  latter  to  the  bevel  gears  and  these  to  the 
rear  axle  shafts  or  jackshafts.  Under  any  given  conditions  of 
operation  a  certain  torque  is  impressed  upon  the  differential 
housing.  This  torque  is  divided  equally  between  tht  three  or 
four  bevel  pinions.  Each  bevel  pinion  constitutes  a  balance  lever 
between  the  two  bevel  gears  and  evenly  divides  its  torque  be- 
tween them.  Thus  the  total  torque  impressed  upon  the  differ- 
ential housing  is  at  all  times  equally  divided  between  the  two 
bevel  gears,  also  called  the  master  gears. 

The  relative  motion  of  the  two  side  gears  depends  upon  the 
position  of  the  steering  gear  and  upon  the  traction  conditions. 
Suppose  first  that  both  driving  wheels  run  on  dry  road  surface 
so  there  is  plenty  of  road  adherence.    Then  the  rate  of  revolu- 
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tion  of  each  wheel  and  that  of  the  corresponding  master  gear  of 
the  differential  will  depend  upon  the  length  of  the  path  followed 
by  that  wheel.  If  the  steering  road  wheels  are  in  the  straight- 
ahead  position  and  both  driving  wheels  have  exactly  the  same 
diameter,  then  both  will  rotate  at  the  same  speed,  as  will  the 
differential  master  gears.  On  the  other  hand,  if  the  steering  road 
wheels  are  deflected  from  the  straight-ahead  position  the  vehicle 
is  constrained  to  travel  in  a  curve,  and  the  wheels  on  the  outside 
of  the  curve  will  be  forced  to  turn  faster  than  those  on  the 
inside.  Under  these  conditions  the  pinions  of  the  differential  will 
turn  on  their  studs,  allowing  one  master  gear  to  run  faster  than 
the  other.  The  speed  of  the  frame  or  housing  of  the  differential 
is  always  equal  to  the  algebraic  mean  of  the  speeds  of  the  two 
master  gears. 

In  case  one  of  the  wheels  stands  on  slippery  ground  and  has 
insufficient  road  adherence,  it  will  slip.  The  differential  gear 
under  these  conditions  also  divides  the  propelling  effort  equally 
between  the  two  driving  wheels,  and  the  wheel  which  stands  on 
dry  surface  can  exert  no  more  propelling  effort  than  the  one  on 
slippery  surface.  The  car  will  thus  be  stalled,  and  the  wheel  on 
slippery  ground  will  be  spun  around  at  twice  the  rate  at  which 
it  would  otherwise  turn  with  the  engine  running  at  the  same 
speed,  whereas  the  other  wheel  will  remain  stationary.  This 
quality  may  be  regarded  as  a  Htfect  of  the  differential  gear,  espe- 
cially in  the  case  of  very  heavy  vehicles,  and  such  vehicles  are 
often  provided  with  a  differential  lock,  consisting  of  some  means 
for  so  connecting  the  two  master  gears  of  the  differential  together 
that  they  must  rotate  in  unison. 

Calculation  off  Bevel  Type  Differential— Differential  gears 
are  made  very  compact,  being  almost  a  solid  box  of  gears.  In 
calculating  their  dimensions  it  is  advisable  to  base  the  calculation 
upon  the  maximum  torque  on  the  rear  axle  under  low  gear,  for 
the  reason  that  the  pinions  and  gears  operate  only  occasionally 
and  then  only  for  short  periods  at  a  time.  They  are,  however, 
constantly  subjected  to  the  stress  due  to  the  torque  being  trans- 
mitted through  their  teeth. 

The  torque-transmitting  capacity  of  a  bevel  type  differential 
gear  varies  as  the  square  of  the  largest  pitch  diameter  of  the 
master  gears,  because  the  lever  arm  through  which  the  tooth 
pressure  acts  is  proportional  to  this  pitch  diameter  and  the  face 
width  of  the  tooth,  and  hence  the  permissible  tooth  pressure,  also 
varies  with  the  largest  pitch  diameter.  It  also  varies  as  the  cir- 
cular pitch  of  the  teeth  and  as  the  number  of  bevel  oinions  em- 
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ployed.  Of  course,  the  strength  of  the  material  also  has  an  in- 
fluence on  the  capacity  of  the  differential,  but  inasmuch  as 
low  carbon  steels  are  used  in  almost  every  instance,  the  tensile 
strengths  of  which  do  not  vary  much,  we  may  neglect  it  A  con- 
siderable amount  of  practical  data  from  modern  cars  shows  that 
the  largest  pitch  diameter  of  the  master  gears  may  be  determined 
Dy  means  of  the  equation 


.(43) 


where  T  is  the  maximum  low  gear  torque  on  the  rear  axle,  p 
the  circular  pitch  of  the  teeth  and  n  the  number  of  pinions. 


Fig.  117.— Longitudinal  Section  Through  Bevel  Type  Differen- 
tial Gear. 

The  numbers  of  teeth  generally  range  between  28  and  36  for 
the  master  gears  and  16  and  20  for  the  pinions,  the  gears  having 
about  1.8  times  the  number  of  teeth  as  the  pinions.  The  maxi- 
mum pitch  diameter  of  the  master  gear  having  been  determined, 
the  pitch  is  chosen  to  give  a  number  of  teeth  within  tbe  range 
mentioned.  Gears  of  8  pitch  are  generally  used  for  small  and 
moderate  powers  and  6  pitch  for  high  powers.  The  face  of  the 
gears  is  made  from  ^  to  fi  the  distance  from  the  intersection  of 
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the  two  maximum  pitch  diameters  to  the  centre  of  the  differential. 
The  unit  pressure  on  the  pinion  pins  is  calculated  on  the  basis  of 
4,500  pounds  per  square  inch  under  maximum  engine  torque  and 
low  gear,  and  the  pin  diameter  is  generally  made  equal  to  three- 
fourths  the  bearing  length. 

After  the  dimensions  of  the  differential  have  been  roughly  de- 
termined by  means  of  the  above  rules,  a  layout  can  be  made 
and  the  design  checked  up  by  calculating  the  stress  in  the  teeth 
of  the  bevel  pinion,  which  should  be  in  the  neighborhood  of  35,000 
pounds  per  square  inch.    We  will  carry  these  calculations  through 


Fig.  118.— Bevel  Differential  Partly  in  Section. 


for  a  rear  axle  differential  for  a  car  with  four  cylinder  4x5  incb 
motor,  a  low  gear  reduction  of  3.2  and  a  bevel  gear  ratio  of  3.5. 
The  maximum  rear  axle  torque  therefore  is 

3.2  X  3-5  X  133  =  i»49o  pounds-feet. 
Let  the  differential  be  made  with  four  pinions  of  8  pitch;  then, 
according  to  equation  (43)  the  maximum  pitch  diameter  of  the 
master  gears  should  be  approximately 


V^y 
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and  the  number  of  teeth  figures  out  to  29  (pd  =3.625)  which  is 
within  the  range  of  tooth  numbers  usually  employed  (28  to  36). 
The  pinions  then  should  have 

^=16  teeth 
1.8 

and  their  maximum  pitch  diameter  will  be  2  inches.    The  distance 

of  the  intersection  of  the  two  largest  pitch  diameters  from  the 

centre  of  the  differential  is 


^'^ 


^3-625* +  2«  .      . 

— ■ —  =2,07  tnckes, 

hence  the  face  of  the  gears  can  be  made 

o. 35  X  2. 07  =  o. 724  —  say,  i  inch. 
Since  we  are  making  the  face  of  the  pinion  equal  to 

0-75  X  ^00  —  36 
2.07 
per  cent  of  the  distance  from  the  point  of  intersection  of  the 
largest  pitch  diameters  to  the  vertex  of  the  cone,  and  since  the 
strength  of  the  tooth  section  varies  uniformly  from  the  outer  to 
the  inner  end  of  the  tooth  in  proportion  to  the  distance  from  the 
centre  of  the  differential,  the  load  on  the  tooth  may  be  considered 
to  be  concentrated  on  the  pitch  line  at 


/■ 


1^ -i^^+^X  36  =  86  ^erc^/. 


165  2 

of  the  distance  between  the  outer  end  of  the  tooth  and  the  apex 
of  the  cone,  from  the  apex.  Hence  the  arm  through  which 
this  pressure  acts  is 

3.625X84^^        .^^^ 
2  X  100 
and  the  tangential  pressure  on  the  mean  pitch  circle  is 
1,490X12  ^  jj    g^  pounds. 
1.52 
In  Fig.   119  is  shown  a  portion  of  the  top  view  of  an   18 
tooth  bevel  pinion  meshing  with  a  32  tooth  bevel  gear.    Gear  and 
pinion  are  shown  meshed  in  three  relative  positions,  and  it  will  be 
seen  that  in  each  position  there  are  two  or  more  teeth  of  the 
pinion  in  contact  with  teeth  of  the  gear.    Hence  we  can  figure 
that  the  load  is  taken  up  on  two  teeth  at  each  meshing  point,  and 
since  there  are  eight  meshing  points  in  a  four  pinion  differential, 
the  total  load  is  taken  up  on  t6  teeth,  which  makes  the  load  per 
tooth 

}M^  =  y^^  pounds. 
16 
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The  strength  of  bevel  gear  teeth  can  be  calculated  by  a  method 
similar  to  that  of  Lewis  for  spur  teeth.  The  largest  section  of  a 
bevel  gear  tooth  has  the  same  strength  as  a  tooth  of  a  spur  gear 
of  the  same  pitch  and  number  of  teeth,  and  the  strength  of  the 
bevel  tooth  decreases  uniformly  as  the  apex  of  the  cone  is  ap- 
proached. Since  the  tooth  in  the  present  case  extends  36  per 
cent,  of  the  distance  from  the  base  to  the  apex  of  the  cone,  the 

average  strength  of  the  tooth  will  be  ^  =  18  per  cent.  less  than 


Fig.  I  i9.~£iGHTEEN  Tooth  Bevel  Pinion  and  Thikty-two  Tooth 

Bevel  Gear  in  Different  Positions  of  Mesh^  Showing  that 

THE  Pressure  Is  Always  Divided  Between  at  Least 

Two  Teeth. 


that  of  a  corresponding  spur  tooth.     Substituting  in  the  Lewis 
formula  the  values  applying  to  our  case,  we  have 
735  =  ^X  0.4 X  f  X  0.083  X  0.82. 
and 

S  = ^^  .  vx^^^o   vx — ;r-=  36,000  pounds  per  square  inch. 

o.4XfXo. 083X0. 82 

This  tooth  stress  is  in  harmony  with  the  stresses  allowed  in 
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change  gear  pinions  as  given  in  the  chapter  on  sliding  change  gears, 
remembering  that  the  differential  pinions  and  gears  run  together 
little.  In  reality  the  stress  is  lower  because  the  Lewis  formula 
is  based  on  the  assumption  that  the  whole  tangential  force  comes 
on  the  end  of  the  tooth,  and  it  is  obvious  that  when  two  or  more 
teeth  of  one  gear  are  in  contact  with  teeth  of  the  other  at  the 
same  time,  at  least  one  tooth  takes  its  pressure  at  a  point  con- 
siderably nearer  its  root,  whereby  the  moment  of  the  pressure  is 
reduced. 
The  pressure  on  each  pinion  pin  is 

11^760  ^  2^^^^  pounds. 
4 
and  with  a  unit  bearing  pressure  of  4,500  pounds  per  square  inch 
the  required  bearing  surface  figures  out  to 

?i942  __  Q  gj  square  inch. 

4.500 
Since  the  bearing  length  is  to  be  to  the  diameter  as  4  to  3,  the 
area  will  be 

iL cf  =  0.65  square  inch. 
3 
Hence 

rf«  =}  X  o»65  =  0*49  square  inch, 
and 

d  =  v^o .  49  =  o .  7  inch — say^  \i  inch, 
whereas  the  length  should  be 

-i  y  "  =  0.916 — say,  \i  inch, 
3  16 
The  pinion  pins  are  generally  made  integral  with  a  central 
ring  having  a  bearing  on  the  hubs  of  the  master  gears,  thus 
forming  a  spider.  Their  outer  ends  may  be  clamped  between  the 
halves  of  the  frame  or  housing,  or  they  may  be  flattened  off 
and  the  holes  for  them  made  rectangular,  with  their  long  sides 
parallel  with  the  axis  of  the  differential  so  the  spider  may  slide 
in  these  holes  and  automatically  adjust  itself  to  the  position 
where  the  pinions  mesh  equally  with  both  master  gears.  The  hubs 
of  the  master  gears  are  generally  broached  out  square  to  fit  to 
the  squared  ends  of  the  rear  axle  shafts.  These  hubs  are  pro- 
vided with  a  radial  face  which  bears  against  a  corresponding  face 
on  the  outside  of  the  housing  to  take  up  the  bevel  gear  end 
thrust.  Some  designers  provide  bronze  bearing  bushings  and 
thrust  washers,  but  the  majority  do  not.  The  flange  for  the 
driven    bevel    gear    is    formed    integral    with    one-half    of    the 
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differential  housing,  and  is  often  so  far  offset  to  one  side  as 
to  bring  the  centre  of  the  differential ,  in  line  with  the  driving 
pinion  centre. 

The  Spur  Differential— Referring  to  Figs.  120  and  121  a 
spur  differential  consists  of  two  spur  master  gears  mounted  on 
the  inner  ends  of  the  differential  shafts,  of  a  varying  number 
of  pairs  of  spur  pinions  and  of  a  housing  or  frame  surrounding 
the  whole.  The  spur  pinions  are  of  substantially  double  the  width 
of  the  spur  gears;  the  latter  are  placed  some  distance  apart 
and  the  extra  width  of  the  pinions  extends  into  this  in^er-- 
mediate  space  where  the  two  pinions  of  each  pair  mesh  together. 


Fig.  120.— Longitudinal  Elevation  of  Spur  Differential,  Half 
Sectioned. 

The  action  of  this  type  of  differential   is  exactly  the  same  as 
that  of  a  bevel  differential. 

The  pinions  of  spur  gear  differentials  arc  made  with  a  very 
small  number  of  teeth,  generally  about  ten,  because  any  small 
increase  in  their  size  entails  a  large  increase  in  the  bulk  of  the 
differential  housing.  Stub  teeth  are  preferably  used,  and  some 
makers  use  a  special  form  of  mongrel  teeth  of  still  greater 
strength  than  stub  teeth. 
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Spur  differentials  can  be  calculated  on  the  basis  of  a  tooth 
stress  of  about  35,000  pounds  per  square  inch  under  low  gear 
and  full  engine  power,  if  the  gears  are  made  of  carbon  steel, 
heat  treated.  The  stress  may  seem  high,  but  it  must  be  re- 
membered that  the  calculation  is  based  on  the  full  engine  power, 
whereas  from  15  to  25  per  cent  of  the  engine  power  will  be 
lost  in  the  change  gear,  universal  joints  and  rear  axle  bevel 
gears.  Moreover,  in  very  powerful  cars  the  adherence  of  the 
driving  wheels  to  the  ground  limits  the  load  which  can  be 
placed  on  the  differential  to  a  figure  smaller  than  is  obtained  by 


Fig.   121. — End   Elevation  of  Spur   Differential,   Half  Sec- 
tioned. 

multiplying  the  engine  torque  by  the  reducing  factor  between 
engine  and  rear  axle. 

The  master  gears  may  be  made  of  a  pitch  diameter  of  from 
3  to  4  inches,  at  the  option  of  the  designer  or  according  to 
the  size  of  the  driven  bevel  gear,  and  either  three  or  four  sets 
of  pinions  may  be  used.  We  will  illustrate  their  calculation  by 
the  example  of  a  differential  gear  for  a  four  cylinder  4x5  inch 
motor  and  the  reduction  ratios  mentioned  above.  We  found 
the  maximum  rear  axle  torque  to  be  1490  pounds-feet.     We 


Digitized  by 


Google 


THE  DIFFERENTIAL  GEAR.  189 

will  assume  that  the. master  gears  have  a  3J4  inch  pitch  diam- 
eter and  8-10  pitch  stub  teeth.  The  pitch  line  pressure  then 
will  be 

h^^^^^io,2^o  Pounds, 

Assuming  that  there  are  eight  pinions,  this  pressure  is  trans- 
mitted by  eight  teeth,  and  the  pressure  on  each  is 

i2233^  =  1,277  pounds. 

8 
Assuming  the  pinion  to  have  10  teeth,  for  which  the  constant  is 
ao4i,  the  necessary  width  of  face  is 

i^ZL =o.Sg— say,  Ji  inch  , 

0.041  X  35»ooo 

The  cases  for  spur  gear  differentials  are  made  in  two  parts 
which  are  held  together  by  bolts.  The  halves  should  preferably  be 
provided  with  a  telescoping  joint,  to  insure  the  continued  align- 
ment of  all  parts.  One  part  is  usually  made  in  the  form  of  a 
circular  plate,  and  the  otlier  in  the  form  of  a  cylinder  open  at 
one  end.  Sometimes  the  driven  bevel  gear  or  sprocket  is 
bolted  to  a  flange  on  the  cylindrical  part,  and  the  two  parts 
of  the  housing  are  held  together  by  means  of  through  bolts. 
In  another  design  the  cylindrical  part  has  a  flange  at  its  open 
end,  and  bolts  are  passed  through  this  flange,  the  end  plate  of 
the  differential  housing  aftd  the  web  of  the  bevel  gear,  as 
shown  in  Fig.  laa 

The  lighter  spur  differentials  sometimes  have  no  regular  hous- 
ing, the  end  bearing  plates  being  held  together  by  bolts  and 
separated  by  spacers  surrounding  the  bolts. 

Machining  Differential  Qear  Parts — ^The  differential  spider 
may  be  centre  drilled  and  reamed  in  a  box  jig,  and  bored  out 
at  the  same  time,  to  insure  accurate  angular  spacing  of  the  pins; 
it  may  then  be  turned,  hardened  and  ground.  The  case  also 
presents  quite  a  manufacturing  problem,  since  great  accuracy  is 
required,  in  order  that  the  load  may  be  evenly  distributed  between 
the  individual  pinions.  A  well  worked  out  manufacturing  method 
for  these  cases,  as  employed  by  the  Vulcan  Gear  Works,  of 
Detroit,  is  illustrated  in  Fig.  122.  The  case  of  this  company's 
differential  has  ten  concentric  surfaces  to  be  machined,  and  all 
of  these  are  finished  at  one  setting.  The  piece  is  mounted  in 
a  large  scroll  chuck  with  special  jaws  on  a  large  automatic 
turret  lathe,  the  jaws  being  hollowed  out  to  exactly  fit  the 
piece.    Before  the  machining  operation  is  taken  up  the  castings 
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Fig.  122.— Machining  Differential  Housing. 

arc  carefully  snagged.  One  of  the  lathe  jaws  is  provided  with 
a  three-quarter  inch  pin  which  enters  one  of  the  cored  holes  and 
drives  the  piece. 

Referring  to  Fig.  122,  cutters  i,  2  and  3,  which  are  all  part  of 
a  single  turret  tool,  finish  surfaces  A,  B  and  C  respectively. 
In  the  illustration  A  is  practically  finished  and  the  tools  are 
about  to  commence  cutting  at  B  and  C.  Tool  5  finishes  the  re- 
cess E  F,  and  tool  6  the  outer  cylindrical  surface  G.  All  of  these 
tools  act  simultaneously  and  are  mounted  on  one  face  of  the 
turret,  but,  of  course,  in  different  planes.  They  are  fed  in  the 
direction  from  X  to  K 


Fig.   123.— Jig  fok  Dulling  and  Reaming   Holes   for   Pinion 

Spider. 
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While  these  tools  are  still  moving  there  comes  into  operation 
the  back  facer  4,  which  is  mounted  inside  the  hollow  spindle  of 
the  machine,  which  is  fed  in  the  direction  from  Y  to  X,  This 
machines  face  D  and  also  acts  as  a  pilot  for  the  turret  tool. 
While  all  these  operations  are  going  on,  tools  6, 7  and  8,  which  are 
mounted  in  the  cross-slide,  are  being  fed  in  toward  the  axis  of 
the  revolving  piece,  thereby  finishing  surfaces  H,  I  and  /.  It  will 
thus  be  seen  that  eight  tools  are  working  on  this  piece  at  prac- 
tically the  same  time,  finishing  ten  surfaces  to  close  limits  of 
accuracy,  roughing  and  finishing  cuts  being  taken  where  neces- 
sary. The  bore  A,  which  must  be  made  very  accurate,  is  trued 
up  and  reamed  in  successive  operations  but  without  moving  the 
piece  in  the  chuck. 

The  eight  holes  in  the  flange  are  drilled  in  a  multiple  spindle 
drill.    The  holes  for  the  differential  pinion  spider  are  drilled  and 


Fig.  124. — Sampson  Differential  Lock. 


reamed  after  the  halves  of  the  case  are  bolted  together,  these 
operations  being  performed  in  the  box  jig  illustrated  in  Fig.  123, 
which  is  adapted  to  stand  on  either  of  its  four  sides. 

Differential  Lock— A  few  of  the  heavier  designs  of  trucks 
are  provided  with  differential  locks  which  enable  the  driver  to 
put  the  differential  gear  out  of  operation  at  will.  Such  locks 
are  more  or  less  necessary  when  a  truck  is  provided  with  me- 
tallic tires,  owing  to  the  much  smaller  traction  of  these  tires  as 
compared  with  rubber.  The  problem  of  working  out  a  neat  and 
all  round  satisfactory  differential  lock  presents  considerable 
difficulty,  which  is  probably  the  reason  that  this  device  is  not 
more  extensively  used.     Fig.   124  illustrates  a  differential  lock 


Digitized  by 


Google 


192  THE  DIFFERENTIAL  GEAR. 

which  was  used  on  one  design  of  Sampson  truck.  The  differen- 
tial is  of  the  spur  type,  and  one  of  the  master  gears  is  so 
arranged  that  it  may  be  slid  in  the  direction  of  its  axis  by 
means  of  a  lever  which  can  be  reached  from  the  side  of  the  truck. 
This  master  gear  is  ordinarily  held  in  its  normal  position  by 
means  of  a  coiled  spring.  The  teeth  of  this  master  gear  and 
those  of  the  spur  pinions  meshing  with  the  other  master  gear 
are  chamfered  on  their  adjacent  ends,  and  when  the  slidable 
master  gear  is  slid  toward  the  other  one  it  is  brought  into 
mesh  with  the  second  pair  of  pinions,  whereby  the  whole  differ- 
ential is  locked  together.  One  reason  sometimes  advanced  in 
favor  of  the  use  of  a  differential  lock  is  that  it  permits  a  side 
chain  driven  car  to  continue  if  one  chain  should  accidentally 
break,  but  it  takes  little  longer  to  insert  a  new  chain  link  than  to 
apply  the  differential  lock. 
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UNIT  POWER-PLANTS  AND  TRANSMISSION  AXLES. 

When  a  line  of  shafting  is  supported  in  several  bearings,  it 
Is  necessary  to  either  mount  all  of  the  bearings  in  absolute 
alignment  and  keep  them  so,  or  to  make  the  shaft  in  sections 
and  connect  the  sections  by  universal  joints.  In  an  automobile 
power  plant  we  have  such  a  line  of  shafting  extending  through 
the  motor  and  change  gear  box,  which  may  be  supported  by 
from  four  to  ten  bearings.  It  is  an  easy  matter  to  keep  all  of 
the  bearings  in  the  crankcase  or  those  in  the  gear  case  in 
alignment.  However,  it  is  virtually  impossible  to  insure 
continued  alignment  of  the  gear  box  bearings  with  those  of 
the  crankcase  if  the  two  cases  are  mounted  separately  on  a 
light  pressed  steel  frame,  as  is  customary.  Owing  to  the  severe 
shocks  and  wrenches  which  it  receives  in  driving  at  speed  over 
rough  roads,  the  frame  "weaves"  and  distorts  and  cannot  at 
all  be  depended  upon  to  maintain  the  bearings  in  alignment. 

Two  courses  are  open  to  the  designer  for  overcoming  this 
difficulty.  He  may  either  connect  the  crankshaft  to  the  primary 
shaft  of  the  gear  box  through  a  double  universal  and  sliding 
joint,  or  he  may  tie  the  gear  box  to  the  trankcase  in  such  a 
manner  that  the  whole  forms  a  single  rigid  structure.  The 
former  arrangement,  which  is  the  most  common,  permits  of 
slight  displacements  of  one  of  the  cases  with  respect  to  the 
other  in  every  direction.  The  second  arrangement  gives  what 
is  known  as  the  unit  power  plant,  which  is  used  more  especially 
on  low  and  moderately  powered  cars. 

What  is  perhaps  the  most  common  type  of  unit  power  plant 
is  illustrated  in  Fig.  125.  Engine,  clutch  and  gear  box  are  located 
in  their  usual  relative  positions,  the  gear  box  being  brought  as 
close  to  the  engine  as  possible.  The  crankcase  is  provided  at 
the  rear  with  a  flat  cylindrical  extension  designed  to  house  the 
flywheel.  This  extension  has  a  flange  at  its  open  end  to  which 
the  gear  box  is  bolted,  the  latter  being  formed  with  a  forward 
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extension  designed  to  house  the  friction  clutch.  The  exact  loca- 
tion of  the  vertical  joint  varies  somewhat  in  the  different  de- 
signs, but  a  common  feature  of  this  type  of  unit  power  plant 
is  that  the  entire  unit  may  be  separated  into  two  parts  longi- 
tudinally and  forms  three  chambers,  for  the  engine  crankshaft, 
for  the  flywheel  and  clutch,  and  for  the  change  gear,  respectively. 
Of  course  the  crankcase  may  be  divided  horizontally  through 
the  centre  of  the  crankshaft,  but  the  tendency  is  to  use  barrel 
type  crank  cases  in  connection  with  this  type  of  unit  power  plant 
In  practically  all  unit  power  plants  the  two  shafts  of  the  change 
speed  gear  lie  in  a  vertical  plane,  this  arrangement  tending  to 
greater  sjrmmetry  of  the  whole  design. 

Access  to  the  crankshaft  bearings  is  afforded  by  either  a  re- 
movable bottom  plate  of  the  crankcase  or  large  handhole  cover 
plates  on  one  side,  while  the  interior  of  the  clutch  and  gear 
compartments  may  be  reached  through  large  hand  holes. 

Among  the  advantages  of  such  a  unit  power  plant  may  be  men- 
tioned the  fact  that  it  simplifies  the  construction  in  that  it  ob- 
viates the  need  for  a  double  universal  joint  between  the  engine 
and  change  gear  and  makes  it  possible  to  support  the  whole  unit 
upon  the  frame  at  three  or  four  points  instead  of  an  equal  num- 
ber of  supports  for  either  part  Morevover,  the  complete  en- 
closure of  all  moving  parts  tends  to  the  reduction  of  noise,  to 
increased  cleanliness  and  to  better  lubrication  and  protection  of 
wearing  parts  from  dust  and  grit.  The  change  gear  is  brought 
somewhat  closer  to  the  engine  and  is  therefore  likely  to  come 
in  a  more  accessible  position  underneath  the  front  seat  floor 
boards.  However,  the  main  object  of  unit  construction  and  its 
chief  advantage  is  that  if  the  bearings  are  once  properly  lined 
up,  they  will  remain  in  alignment,  and  hence  there  is  no  danger 
of  binding  and  consequent  injury  to  the  bearings. 

Three  Point  Support— Although  the  three  point  support  is 
applicable  to  engines  and  gear  boxes  mounted  separately,  it 
is  specially  advantageous  in  the  case  of  unit  power  plants.  The 
principle  involved  in  the  three  point  support  is  perhaps  best  ex- 
plained by  reference  to  a  three  legged  stool  which  will  stand 
securely  on  an  uneven  floor,  whereas  a  four  legged  one  will 
not  In  a  motor  car,  if  the  frame  supporting  the  power  plant 
should  be  distorted,  it  would  not  subject  the  case  and  arms  to 
any  stress  if  the  power  plant  were  supported  at  three  points, 
whereas  if  it  was  supported  at  four  points  the  rigidity  of  the 
case  and  its  arms  would  resist  distortion  of  the  frame,  and 
hence  these  parts  would  be  severely  stressed  by  distorting  in- 
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fluences.  Crankcases  and  gear  boxes  supported  at  four  points 
are  sometimes  broken  by  excessive  road  strains  on  the  frame. 

In  Fig.  125  the  power  plant  has  one  point  of  support  at  the  front, 
a  cross  member  of  the  frame  passing  underneath  the  crankcase, 
and  having  the  latter  fastened  down  to  it  by  two  bolts  located  close 
together  at  the  middle,  of  the  crankcase  bottom.  The  other  two 
points  of  support  are  at  the  side  of  the  flywheel  housing,  which  is 
cast  with  laterally  extending  arms  which  rest  on  top  of  the  sub- 
frame  or  connect  through  hangers  with  the  main  frame.  An 
alternate  method  consists  in  casting  the  crankcase  with  two 
lateral  supporting  arms  near  its  front  end  and  have  the  third 
point  of  support  at  the  rear  of  the  gear  box,  the  rear  bear- 
ing hub  of  the  latter  being  developed  in  the  form  of  a  sup- 
porting bracket  resting  on  a  cross  member  of  the  frame.  There 
are  two  distinct  arrangements  of  this  rear  support  The 
simplest  consists  in  passing  two  long  bolts  through  the  rear 
bearing  hub  and  the  supporting  frame  cross  member.  Thi* 
does  not  give  a  true  three  point  support,  as  there  are  in  reality 
two  points  at  the  rear,  but  since  they  are  comparatively 
close  together,  they  act  substantially  as  a  single  sup- 
port In  order  to  obtain  a  single  support  at  the  rear,  the  rear 
bearing  hub  has  a  part  spherical  surface  turned  upon  it  which 
rests  in  a  spherical  socket  bolted  to  the  frame  cross-member. 
The  socket  must,  of  necessity,  be  made  in  halves,  and  for  con- 
venience in  machining  the  rear  bearing  hub  is  made  separate 
and  bolted  to  the  casing.  A  similar  supporting  method  may  be 
applied  to  the  front  bearing  of  the  en^ne. 

Of  course,  where  a  supporting  arm  has  a  large  flat  bearing 
surface  and  is  bolted  down  to  the  supporting  member  it  is 
not  quite  correct  to  speak  of  a  "point''  of  support  In  such  a 
case  there  are  in  reality  three  or  four  supporting  surfaces  in- 
stead of  three  or  four  points  of  support,  and  it  is  easily  seen 
that  if  the  surfaces  of  a  "three  point  support"  are  fairly  large 
there  must  still  be  considerable  strain  in  the  material  near  the 
supporting  surfaces  if  the  frame  is  distorted.  In  order  to 
eliminate  these  strains  as  far  as  possible  the  Midland  Motor 
Car  Company  makes  the  two  forward  supports  of  the  power 
plant  on  the  main  fratee  in  the  form  of  trunnions  and  sliding 
blocks,  the  trunnions  being  formed  on  the  ends  of  a  trussed  cross 
member  and  the  blocks  sliding  in  the  channel  of  the  frame. 
The  latter  is  "swept  in"  in  front,  which  allows  the  cross  member 
to  be  inserted  into  the  frame  channel  from  the  rear. 
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Flywheel  in  Front — One  of  the  chief  difficulties  encountered 
in  combining  the  engine  and  the  change  gear  in  a  single  unit 
is  due  to  the  fact  that  the  flywheel  is  located  between  them 
and  to  enclose  it  requires  a  great  deal  of  metal,  adding  both 
to  the  weight  and  the  cost  of  the  car.  In  four  cylinder  motors 
there  is  a  tendency  to  use  a  fljrwheel  of  rather  inadequate  capacity 
when  it  is  to  be  enclosed,  which  somewhat  detracts  from  the 
steady  running  qualities  of  the  car.  To  overcome  this  difficulty 
two  expedients  may  be  resorted  to.  The  first  consists  in  placing 
the  flywheel  at  the  front  of  the  engme,  as  shown  in  Fig.  126. 
This  eliminates  the  flywheel  housing,  and  permits  of  bringing 
the  gear  box  considerably  closer,  but  there  are  also  a  number 
of  objections  to  this  practice.  Its  purpose  being  to  equalize  the 
torque  of  the  engine  before  it  is  transmitted  to  the  change  gear, 
the  logical  place  for  che  flywheel  seems  to  be  between  these  two 
parts.  The  crankshaft  and  its  bearings  are  undoubtedly  sub- 
jected to  more  severe  usage  with  the  flywheel  located  in  front. 
With  the  very  considerable  weight  of  the  flywheel  almost  directly 
over  the  front  axle  the  strains  on  the  front  tires  are  increased. 
However,  with  the  flywheel  in  this  ppsition  its  diameter  is  less 
closely  limited,  and  some  manufacturers  use  the  front  mounted 
flywheel  as  a  radiator  fan.  With  this  construction  the  timing 
gears  of  the  engine  are  usually  placed  at  the  rear  end,  where 
they  are  more  accessible. 

An  alternate  construction  consists  in  joining  the  crankcase 
and  gear  box  by  a  yoke  running  around  the  flywheel,  as  illus- 
trated in  Fig.  127.  Either  both  cases  and  the  yoke  may  be  cast 
in  a  single  piece;  half  of  the  yokes  may  be  cast  with  either  case 
(as  in  Fig.  127),  or  the  yoke  pieces  may  be  separate  and  secured 
to  the  two  cases  by  cap  screws  or  bolts.  This  method  enables 
a  saving  in  weight  to  be  effected  as  compared  with  that  illus- 
trated in  Fig.  125,  and  is  free  from  the  objections  urged  against 
the  front  mounted  flywheel.  It  has  been  adopted  on  several 
American  cars  in  recent  years.  The  yoke  around  the  flywheel 
is  conveniently  situated  for  supporting  the  bearing  for  the  clutch 
and  brake  pedal  shaft. 

Of  the  pleasure  cars  exhibited  at  the  New  York  shows  in 
1 91 2,  31  per  cent,  were  equipped  with  unit  power  plants. 

Transmission  Axles — Instead  of  combining  the  gear  box  with 
the  engine,  some  makers  secure  it  rigidly  to  the  rear  axle 
housing,  thus  forming  what  is  known  as  a  transmission  axle. 
The  leading  exponent  in  America  of  this  system  of  construction 
is  the  Packard  Motor  Car  Co.    The  advantages  of  this  arrange- 
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ment  are  that  it  does  away  with  a  separate  gear  box,  thus  elim- 
inating one  unit,  that  it  permits  of  using  a  comparatively  long 
propeller  shaft  whose  angularity  will  not  vary  much  under  the 
play  of  the  body  springs  and  the  absolute  value  of  which  will 
always  be  small,  and  that  the  propeller  shaft  and  universal'  joint 
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Fig.  128.— Sectional  View  of  Packard  Change  Gear  and  Rear 

Axle  Drive. 
run  always  at  engine  speed,  and  are  never  subjected  to  any 
greater  torque  than  the  maximum  of  which  the  engine  is  capable, 
hence  they  can  be  made  somewhat  lighter.  Besides  this,  the 
system  does  away  with  two  or  more  universal  joints  in  the 
transmission  line,  requiring  the  use  of  only  one  such  joint  or 
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at  most  two.  The  chief  disadvantage  of  the  transmission  axle 
is  that  it  materially  increases  the  unsprung  weight  supported  by 
the  rear  wheels  and  tires,  and  thus  tends  to  increase  the  wear 
of  the  tires.  Some  difficulty  is  also  met  with  in  arranging  the 
control  connections  between  the  change  gear  lever  on  the  spring 
supported  frame  and  the  sliding  bars  in  the  unsprung  gear  box 
in  such  a  manner  that  the  play  of  the  springs  will  neither  affect 
the  position  of  mesh  of  the  sliding  gears  nor  cause  the  control 
lever  to  move  on  its  sector  or  quadrant  and  produce  an  un- 
pleasant rattle. 

The  majority  of  the  transmissions  built  together  with  the  rear 
axle  are  of  the  three  speed  and  reverse  selective  sliding  type 
It  is  important  that  the  length  of  the  gear  box  be  kept  as  small 
as  possible  so  that  the  moment  of  its  weight  around  the  axis 
of  the  rear  axle  may  not  be  too  great  Those  types  of  reversing 
gears  which  economize  space  in  the  longitudinal  direction  are 
therefore  particularly  suitable  for   rear   axle  gear  boxes.     In 
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Fig.  129. — Gear  Box  on  Forward  End  of  Torque  Tube. 

these  gear  boxes  the  two  shafts  usually  lie  in  a  horizontal  plane 
(Fig.  128),  since  it  is  not  practicable  to  place  the  secondary 
below  the  primary  shaft,  as  that  would  reduce  the  road  clearance 
too  much,  and  the  secondary  shaft  cannot  well  be  on  top,  since  it 
is  desirable  to  have  the  secondary  gears  run  in  oil  and  the  height 
of  the  oil  in  the  case  is  limited  by  the  level  of  the  protruding 
shafts.  The  constantly  meshed  gears  and  direct  drive  clutch  are 
general  placed  at  the  rear,  as  some  space  in  the  longitudinal  direc- 
tion can  be  saved  in  this  way. 

An  arrangement  of  the  gear  box  which  affords  some  of  the 
advantages  of  the  transmission  axle  and  does  away  with  some 
of  its  disadvantages  is  illustrated  in  Fig.  129.  The  gear  box 
and  rear  axle  here  also  form  a  unit,  the  two  being  connected 
by  the  propeller  shaft  tube,  or  torque  tube,  and  the  gear  box 
hung  from  a  cross  member  of  the  frame  by  a  ball  and  socket 
joint  at  its  forward  end.    As  in  the  case  of  transmission  axles, 
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the  angle  between  the  two  members  of  the  universal  joint  varies 
but  little  and  is  always  small.  Most  of  the  weight  of  the  gear 
box  is  spring-supported  and  although  it  changes  its  position 
relative  to  the  frame  as  the  body  springs  compress  and  extend, 
this  change  in  position  is  relatively  much  smaller  and  the  difficulty 
of  properly  connecting  up  the  control  lever  is  correspondingly 
reduced.  Of  the  pleasure  cars  exhibited  at  the  1912  New  York 
shows,  15  per  cent,  were  equipped  with  rear  axle  transmissions. 
Straight  Line  Drive— The  last  two  mentioned  arrangements 
of  the  gear  box  lend  themselves  particularly  to  that  form  of 
construction  known  as  the  straight  line  drive — that  is,  such  an 
arrangement  of  the  different  parts  that  when  the  car  carries  a 
normal  load  the  engine  crankshaft,  gear  box  primary  shaft  and 
propeller  shaft  are  in  a  straight  line.  Under  these  conditions 
motion  is  transmitted  uniformly  through  a  single  universal  joint, 
and  owing  to  the  relatively  large  distance  between  the  rear  axle 
and  the  universal  joint  the  play  of  the  body  springs  has  little 
influence  on  the  drive.  In  order  to  insure  this  straight  line 
relation  of  crankshaft  and  propeller  shaft  it  is  generally  neces- 
sary to  carry  the  engine  in  a  slightly  tilted  position,  with  the  rear 
end  somewhat  lower  than  the  front,  as  if  the  engine  crankshaft 
were  placed  at  the  same  level  as  the  rear  axle  shafts  the  engine 
flywheel  would  not  clear  the  ground  sufficiently.  In  all  con- 
structions in  which  there  is  only  a  single  universal  joint  in  the 
propeller  shaft,  a  substantially  straight  line  drive  should  be 
aimed  at,  for,  as  shown  in  the  chapter  on  Universal  Joints, 
when  the  two  shafts  make  an  appreciable  angle  with  each  other 
there  are  serious  fluctuations  in  the  ratio  of  transmission,  and 
consequently  the  transmission  parts,  and  particularly  the  tires, 
are  subjected   to  extra  severe  strains. 
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At  present  the  great  majority  of  pleasure  cars  are  driven 
through  a  shaft  and  bevel  gears.  The  advantages  of  this  drive 
are  that  it  can  readily  be  completely  enclosed,  oil  and  dustproof, 
and  that  it  is  reasonably  efficient  and  noiseless.  Any  desired  gear 
reduction  up  to  4  to  i  can  easily  be  obtained.  A  disadvantage 
of  the  bevel  gear  drive,  as  compared  with  the  chain  drive,  is 
that  with  the  former  it  is  difficult  to  provide  more  than  one  gear 
ratio. 

The  two  chief  elements  of  a  shaft  drive  are  the  propeller 
shaft  and  the  bevel  gearset.  The  drive  also  comprises  either  one  or 
two  universal  joints.  It  was  shown  in  a  previous  chapter  that 
two  such  joints  are  necessary  if  an  absolutely  uniform  transmis- 
sion of  motion  from  the  gear  box  or  engine  to  the  rear  axle  is 
required,  and  on  the  higher  grades  of  cars  two  universals  are 
generally  employed.  However,  by  making  the  propeller  shaft 
comparatively  long,  and  placing  the  gear  box  and  rear  axle  in 
such  relation  to  each  other  that  when  the  vehicle  carries  a  normal 
load,  the  primary  shaft  of  the  change  gear  and  the  propeller 
shaft  are  nearly  in  line,  many  designers  get  along  with  a  single 
universal,  which  they  insert  between  the  rear  end  of  the  change 
gear  primary  shaft  and  the  front  end  of  the  propeller  shaft.  Of 
the  pleasure  cars  exhibited  at  the  1912  New  York  shows,  58 
per  cent,  had  two  universal  joints  in  the  propeller  shaft,  and  42 
per  cent.  one. 

Bevel  Gears — ^The  rear  axle  bevel  gears  can  be  made  with 
six  pitch  teeth  for  pleasure  cars  of  the  very  smallest  size,  say 
those  with  engines  up  to  100  Ibs.-ft.  torque;  five  pitch  for  cars 
with  engines  of  100-200  lbs.-ft  torque,  and  four  pitch  for  cars 
with  engines  of  more  than  200  lbs.-ft.  torque.  The  pinions  are 
made  with  from  fifteen  to  eighteen  teeth.  In  the  largest  cars  the 
pitch  diameter  of  the  bevel  gear  is  limited  to  about  12  inches, 
and  in  medium  sized  cars  to  11  inches  by  reason  of  the  required 
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ground  clearance.  The  capacity  of  the  bevel  gears  varies  directly 
as  the  largest  pitch  diameter,  as  the  circular  pitch,  and  substan- 
tially as  the  face  width.  For  moderately  powered  cars  the  face 
/  of  the  bevel  gears  may  be  made  such  that 

^^^Xpd^Xf  * ^^^^ 

where  T  is  the  maximum  torque  of  the  engine  (Chart  I),  pdm 
the  maximum  pitch  diameter  of  the  pinion,  and  p  its  circular 
pitch.  In  extremely  powerful  cars  the  gear  dimensions  have  to 
be  made  somewhat  smaller,  and  in  low  powered  cars  they  can 
be  made  slightly  more  liberal.  It  will  be  noticed  that  no  account 
is  taken  in  this  equation  of  the  properties  of  the  gear  material. 
This  is  due  to  the  fact  that  the  above  dimensions  are  ample 
with  medium  carbon  steel,  heat  treated,  and  in  case  steels  of 
greater  strength  are  used  it  is  advisable  to  make  the  dimensions 
the  same  as  for  carbon  steel,  on  account  of  the  more  silent  oper- 
ation insured  by  lower  unit  pressures — ^unless  space  limitations 
prevent 

Types  of  Rear  Axles — ^Rear  axles  are  divided  into  live 
and  dead  axles.  A  live  axle  is  an  axle  through  which  the  pro- 
pelling power  is  transmitted  to  the  driving  road  wheels,  and  a 
dead  axle  is  one  which  merely  carries  the  weight  of  the  frame 
and  body.  Cars  driven  by  shaft  and  bevel  gears,  shaft  and  worm 
gears,  or  by  a  single  chain,  have  live  axles,  whereas  cars  driven 
by  double  (side)  chains  have  dead  axles. 

A  live  axle  has  two  principal  functions  to  perform,  viz.,  to 
support  the  weight  carried  upon  the  rear  springs,  and  to  transmit 
the  power  to  the  road  wheels.  These  two  functions  can  be  per- 
formed by  a  simple  revolving  axle,  but  in  that  case  the  direc- 
tion of  the  stress  due  to  the  weight  carried  changes  constantly, 
and  since  the  resistance  of  the  material  is  greatly  lessened  if 
the  stress  alternates  in  direction,  it  is  much  preferable  to  support 
the  weight  on  non- rotating  parts.  Some  of  the  earlier  shaft  and 
single  chain  driven  cars  had  rear  axles  consisting  merely  of  a 
revolving  shaft  running  in  bearings  secured  to  the  body  springs. 
The  axle  had  one  road  wheel  rigidly  secured  to  it,  the  other 
wheel  being  secured  to  a  sleeve  free  upon  the  shaft;  one  master 
gear  of  the  differential  was  secured  to  the  shaft,  and  the  other 
to  the  sleeve.  However,  for  the  reason  above  stated,  practically 
all  modern  live  axles  comprise  one  part — ^the  housing — ^for  sup- 
porting the  load,  and  another — ^the  axle  shafts — for  transmitting 
the  power. 
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In  the  normal  operation  of  a  car  there  are  three  distinct 
sources  of  stress  in  a  rear  axle,  viz.,  the  weight  of  the  frame 
and  body  resting  on  the  axle,  the  bearing  load  due  to  the  bevel 
gear  tooth  pressure,  and  the  torsion  on  the  axle  shafts.  An 
axle  in  which  all  of  these  stresses  come  on  the  axle  shafts  is 
known  as  a  plain  live  axle.  An  axle  in  which  the  axle  shafts  are 
subjected  only  to  torsional  stress  and  the  stress  due  to  the  weight 
of  the  frame  and  body,  is  known  as  a  semi-floating  axle,  and  an 
axle  in  which  the  shafts  are  relieved  of  all  except  torsional 
stress,  is  known  as  a  full  floating  axle. 

Each  rear  axle  has  two  sets  of  bearings,  viz.,  those  supporting 
the  differential  and  those  through  which  the  axle  is  supported 
in  the  road  wheels.  The  former,  which  we  may  call  the  differ- 
ential bearings,  are  subjected  to  a  load  due  to  the  tooth  pressure 
of  the  bevel  driving  gears,  while  the  latter  are  subjected  to  a 
load  due  to  that  part  of  the  weight  of  the  frame  and  body  which 
rests  on  the  rear  springs.  It  is  directly  apparent  that  in  the  plain 
live  axle,  illustrated  in  Fig.  130,  the  load  due  to  the  bevel  gear 
tooth  pressure  is  taken  up  by  the  axle  shafts,  as  is  the  load  due 
to  the  weight  of  the  rear  part  of  the  car.  The  stress  in  the 
shafts  due  to  these  loads  reverses  twice  every  revolution  of  the 
axle,  and  since  it  adds  to  the  torsional  stress  of  driving,  it  can 
readily  be  seen  that  the  axle  shafts  in  this  type  of  axle  must  be 
made  very  rugged  in  order  to  stand  up  to  the  work.  As  a 
matter  of  fact,  axle  breakages  were  rather  frequent  when  axles 
of  this  type  were  common. 

In  the  semi-floating  axle  illustrated  in  Fig.  131  the  axle  shafts 
are  relieved  of  the  bevel  gear  tooth  pressure.  This  is  accom- 
plished by  carrying  the  differential  gear  directly  in  bearings  in 
the  axle  housing,  instead  of  supporting  it  upon  the  axle  shafts. 
The  latter  are  made  somewhat  smaller  in  diameter  than  the  bore 
of  the  hubs  of  the  differential  housing,  and  pass  through  these 
hubs  without  contacting  with  them,  establishing  driving  connec- 
tion with  the  differential  master  gears  by  square,  hexagonal  or 
fluted  driving  joints. 

The  next  step  in  axle  development  was  to  relieve  the  outer 
end  of  the  axle  shafts  of  bending  stress,  in  the  same  way  as 
the  inner  ends.  This  is  accomplished  (see  Fig.  132)  by  extending 
the  axle  tubes  entirely  through  the  wheel  hubs,  and  mounting 
the  wheel  bearings  on  the  outside  of  these  tubes,  so  that  the 
weight  load  is  transmitted  directly  from  the  axle  housing  to  the 
wheel  hub.  The  axle  shafts  extend  through  the  housing,  and 
their  outer  ends  connect  with  the  wheel  hubs  through  driving 
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dogs  or  positive  clutches.  With  an  axle  of  this  design  it  is  possi- 
ble to  entirely  withdraw  the  driving  shafts  from  the  axle  without 
removing  the  axle  from  the  car. 

An  intermediate  type  between  the  full  floating  and  semi-floating 
axles  has  recently  been  used  to  some  extent,  differing  from  the 
full  floating  in  that  its  shafts  are  rigidly  connected  to  the  wheel 
hubs — which  latter  are  mounted  on  bearings  on  the  outside  of 
the  axle  housing— by  driving  flanges  bolted  to  the  wheel  hubs, 
and  either  forged  integral  with  the  axle  shafts  or  securely  keyed 
thereto.  In  an  axle  of  this  type  the  shafts,  although  relieved  of 
weight  carrying  loads,  are  subjected  to  endwise  stresses  due  to 
skidding,  and  it  has  been  suggested  to  call  these  three-quarter 
floating  axles. 

Full  floating  axles  in  which  the  shafts  are  entirely  relieved  of 
all  but  torsional  stresses  are  generally  regarded  as  the  most 
highly  developed  type,  and  are  widely  used  on  high  grade  cars. 
They  are  more  expensive  to  manufacture  than  semi-floating  and 
plain  live  axles.  Of  the  pleasure  cars  at  the  1913  New  Vork 
shows  69  per  cent  had  full  floating  axles,  21  per  cent,  semi- 
floating  and  10  per  cent,  three-quarter  floating. 

Shaft  Materials — Propeller  shafts  and  rear  axle  driving 
shafts  may  be  made  from  50  point  carbon  steel,  45  point  carbon 
steel,  50  point  carbon  3H  per  cent  nickel  steel,  vanadium  steel  or 
chrome  nickel  steel.  In  each  case  the  material  must  be  heat 
treated,  as  a  suitable  heat  treatment  almost  doubles  the  elastic 
limit  in  some  instances.  The  heat  treatment  generally  consists 
in  quenching  the  steel  in  oil  at  a  suitable  temperature,  and  then 
reheating  it  to  a  certain  lower  temperature  from  which  it  is 
cooled  slowly.  Thus  the  standards  committee  of  the  Society  of 
Automobile  Engineers  recommend  the  following  treatment  for 
30  point  carbon  steel :  After  forging  or  machining  heat  to  1500* 
Fahr.,  quench,  reheat  to  600-1,300*  Fahr.,  and  cool  slowly.  The 
higher  the  reheating  temperature  the  tougher  the  steel  will  be, 
but  the  lower  the  reheating  temperature  the  greater  will  be  its 
tensile  strength.  The  steel  has  a  tensile  strength  of  45,000  pounds 
per  square  inch  in  the  annealed  condition,  and  about  twice  that 
when  heat  treated  and  drawn  at  a  low  temperature.  For  the 
45  point  carbon  steel  a  somewhat  more  involved  heat  treating 
process  is  recommended,  consisting  in  heating  to  1,550*  Fahr., 
quenching,  annealing  by  heating  to  1,450*  Fahr.,  cooling  slowly 
in  the  furnace  in  lime  or  soft  coal,  reheating  to  1,400-1,500* 
Fahr.,  quenching,  reheating  to  800-1,000*  Fahr.,  and  cooling 
slowly.    This  steel  has  an  elastic  limit  of  50,000  pounds  per 
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square  inch  in  the  annealed  state,  which  may  be  nearly  doubled 
by  heat  treatment.  The  heat  treatment  for  the  3%  per  cent, 
nickel  steel  is  comparatively  simple,  consisting  in  heating  to 
M5O-i,50O*  Fahr.,  quenching,  heating  to  600-1,200®  Fahr.,  and 
cooling  slowly.  This  treatment  increases  the  clastic  limit  of  the 
steel  from  55,000  to  as  much  as  160,000  pounds  per  square  inch. 
The  elastic  limit  of  chrome  nickel  steel  after  heat  treatment  may 
be  as  high  as  175,000  pounds  per  square  inch. 

Calculation  of  Shaft  Diameters — Propeller  shafts  and  driv- 
ing shafts  of  full  floating  type  rear  axles  are  subjected  to  tor- 
sional stresses  only,  and  may  therefore  be  calculated  by  the  same 
methods.  The  diameters  of  these  shafts  depend  to  quite  an  ex- 
tent upon  the  method  of  fastening  employed  at  their  ends. 
Probably  the  most  common  method  consists  in  milling  down  the 
ends  of  the  shaft  to  an  approximate  square  whose  width  of  face 
is  about  0.8  times  the  diameter  of  the  shaft,  and  broaching  out 
the  hub  of  the  universal  joint  fork,  etc,  correspondingly.  Un- 
fortunately this  greatly  reduces  the  strength  of  the  shaft  at  the 
joints,  and  the  excess  strength  of  the  shaft  proper  is  absolutely 
useless.  The  square  portion  of  the  shaft  should  gradually  merge 
into  the  round  section,  in  order  that  there  may  be  no  concentra- 
tion of  stress  at  a  sudden  change  in  the  section.  The  strength 
of  the  square  portion  of  the  shaft  is  only  about  0.7  times  that 
of  the  full  shaft.  In  order  to  save  the  excess  weight  in  the 
propeller  shaft,  due  to  the  greater  torsional  strength  of  the  full 
round,  as  compared  with  the  square  section,  some  manufacturers 
use  propeller  shafts  of  square  section,  thereby  saving  about  20 
per  cent,  in  weight.  Hexagonal  joints  cause  less  loss  of  strength 
than  square  joints,  and  arc  used  to  some  extent. 

A  second  method  of  fastening  the  universal  joint  forks,  gears, 
etc.,  to  the  shafts  consists  in  keying  them  to  a  tapered  seat  This 
also  slightly  reduces  the  strength  of  the  shaft,  but  just  how  much 
can  only  be  conjectured.  The  most  approved  method  of  securing 
these  parts  to  driving  shafts  consists  in  fluting  the  shafts  and 
broaching  out  the  hubs,  using  either  four  or  six  flutes.  The  loss 
in  strength  due  to  the  flutes  is  considerably  less  than  that  due  to 
squaring  the  shaft.  If  it  is  desired  to  use  the  lightest  possible 
propeller  shaft,  or  rear  axle  driving  shafts,  the  ends  are  upset 
so  that  after  they  are  squared  or  fluted  they  are  at  least  the 
same  strength  as  the  circular  section  of  the  shaft  proper.  This 
practice  prevails  to  a  large  extent  in  the  manufacture  of  the 
highest  grade  of  cars. 
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Tests  of  Fluted  Shaftsr-Comprehensive  torsion  tests  of 
plain  and  fluted  shafts  have  been  made  by  C.  E.  Larard,  whose  re- 
sults are  contained  in  a  paper  presented  to  the  Incorporated  In- 
Qtitiition  of  Automobile  Engineers  in  London  in  January,  191 1. 
Mr.  Larard's  tests  covered  two 
materials,  viz.,  mild  steel  and 
nickel  steel.  These  tests  were 
made  more  particularly  with  a 
view  to  determine  the  strength  of 
fluted  shafts  for  change  gear 
boxes,  hence  the  use  of  mild  steel 
of  only  about  0.15  per  cent,  car- 
bon. This  steel  is  suitable  for  > 
case  hardening,  a  treatment  re- 
quired by  sliding  gear  shafts,  but 
is  not  adapted  for  propeller  shafts  I 
owing  to  its  low  elastic  limit.  I 
The  results  are  here  given  to 
show  the  effect  of  fluting  on  the  **  ^^  "* 

torsional  strength  of  shafts.  ^'^g.  i33.--Sections  of  Fluted 

Mr.  Larard's  tests  on  carbon  steel  Shafts  Tested. 

were  made  on  four  pairs  of  specimens,  one  specimen  of  each  pair 
having  six  kejrways,  while  the  other  one  was  a  plain  cylinder  of  a 
diameter  equal  to  the  bottom  diameter  of  the  fluted  shaft  The 
largest  fluted  shaft  was  of  2j4  inches,  and  the  smallest  oi  1% 
inches  outside  diameter,  the  corresponding  plain  shafts  of  2  inch 
and  I  inch  diameter  respectively.  The  angular  extent  of  the 
key  ways  is  shown  in  Fig.  133.  In  the  following  table  are  given 
the  most  important  results  of  the  tests  on  these  specimens. 


Table  VIL— Torsion  Tests  of  Mild  Steel  Shafts. 


Form 
of 
Specimen.  Ins. 

Fluted 2i 

Plain    2 

Fluted m 

Plain    lU 

Fluted l| 

Plain    lU 

Fluted \\ 

Plain    1 


Diameter  of       Particulars  of 

Specimen.  Keyway. 

Out-  Bottom  of  Depth  at 

side.  Keyway,  Width,    Edge, 

Ins. 


.ey>n 
Ins. 

2 

m 

11 

1 


Ins. 


i 

ii 

A 

A 

\\ 

i 

i 

i 

Limit  of 
Elasticity 

in 
Pounds- 
Inches. 

16.100 
14.800 
7,400 
6.400 
4.430 
4.850 
2.750 
2.680 


Torque  at 
Fracture 
in 
Pounds- 
Inches. 

155.000 
00.800 
57,700 
41.600 
38.000 
28.100 
16.550 
11.700 


Comparing  the  figures  of  the  several  pairs  in  the  above  table, 
it  will  be  seen  that  in  each  case  the  elastic  limit  of  the  plain 
specimen  is  slightly  less  than  that  of  the  fluted  specimen,  thus 
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showing  that  some  strength  is  added  by  the  keys.  The  maximum 
torques  which  the  shafts  will  withstand  also  are  slightly  greater 
in  the  case  of  the  fluted  shafts  than  in  that  of  the  corresponding 
plain  shafts.  It  was  found  from  these  tests  that  a  fluted  shaft  of 
diameter  d  is  equal  to  a  plain  shaft  of  diameter  oJS6d,  as  far  as 
the  elastic  limit  is  concerned 

Similar  tests  were  made  with  two  sets  of  fluted  shafts  of  nickel 
steel,  of  the  dimensions  shown  in  Fig.  153.  One  of  each  pair 
was  tested  in  the  condition  (except  for  the  machining)  in  which 
it  was  delivered  from  the  forge,  while  the  other  was  oil  hardened 
before  machining  and  testing.  The  results  of  these  tests  are  given 
in  the  following  table: 

Table  VIIL— Torsion  Tests  of  Nickel  Steel  Shafts. 


Treatment 

of 
Material.  Ins. 

Normal 2  \ 

Oil  Hardened 2 

Normal 1 

Oil  Hardened 1 

Normal 1 

Oil  Hardened 1 

Normal 1  ■ 

Oil  Hardened 1- 


Diameter  of      Particulars  of 

Specimen.  Keyway. 

Out-  Bottom  of  Depth  at 

side,  Kejway,  Width,    Edge, 

Ins.        Ins. 


* 

: 
1 

r 

•1 


Limit  of 

Torqne  at 

Elasticity 

Fracture 

in 

in 

Pounds- 

Pounds- 

Inches. 

Inches. 

41,800 

226  200 

78.100 

265.200 

23.000 

107,200 

39.600 

116,000 

11.800 

68.000 

26.800 

77.000 

6.900 

30.360 

12.200 

33.400 

The  most  remarkable  result  of  Mr.  Larard's  test  is  perhaps  the 
low  elastic  limit  of  mild  steel  as  compared  with  the  breaking 
strength.  It  will  be  seen  from  Table  VIII  that  oil  hardening 
substantially  doubled  the  elastic  limit. 

In  calculating  the  diameter  of  the  shafts  a  stress  of  20.000 
pounds  per  square  inch  may  be  allowed  in  the  case  of  heat 
treated  carbon  steel,  30.000  pounds  per  square  inch  in  the  case 
heat  treated  nickel  steel,  and  stresses  proportional  to  their  re- 
spective elastic  limits  in  the  cases  of  other  steels.  The  conven- 
tional formula  for  the  torsional  strength  of  cylindrical  shafts  is 

7x12  =  0.196  <PS, 
and  since  a  squared  shaft  is  only  07  times  as  strong,  and  the 
maximum  safe  stress  for  carbon  steel  is  20,000  pounds  per  square 
inch,  we  find  the  maximum  safe  load  to  be 

r  X  12  =  0.7  X  0.196  X  20,000  X  d*. 
Hence,  for  a  carbon  steel  shaft  with  square  ends 

6.12 
Similarly,  for  a  carbon  steel  shaft  with  fluted  or  hexagonal  ends 


Digitized  by 


Google 


BEVEL  GEAR  DRIVE  AND  REAR  AXLE. 


213 


d  = 


^^ 


6.53 
for  a  nickel  steel  shaft  with 
square  ends 

6.94 

for  a  nickel  steel  shaft  with 
fluted  or  hexagonal  ends 

7-5 
for  a  carbon  steel  shaft  with 
upset  ends 


6.8 
for  a  nickel  steel  shaft  with  upset  ends 


Fig.     134.— Diagram    of    Bending 
Moment  in   Semi-Floating  Axle. 


d  = 


^Y 


7.8 

Shafts  of  Semi-Floating  Axles — In  a  semi-floating  axle 
the  shafts  are  subjected  not  only  to  torsional  loads,  but  also  to  a 
bending  moment.  The  length  of  the  lever  arm  (Fig.  134)  is 
equal  to  the  distance  between  the  centre  plane  of  the  road  wheel 
and  the  centre  line  of  the  outboard  axle  bearing,  and  the  load 
is  equal  to  the  weight  supported  by  one  of  the  rear  wheels.  The 
load  on  the  rear  axle  is  not  known  when  a  car  is  designed,  but 
can  be  determined  approximately  by  means  of  the  following 
formulae : 

Two  passenger  runabout 

W^"^^''^^^^ +  200  pounds. 
10 
Five  passenger  open  touring  car 

.  wheel  base^ 


W=. 


8 


+  600  pounds. 


Seven  passenger  open  touring  car 
.  ivheel  bas^ 


fr=- 


+  800  pounds. 


The  maximum  bending  moment  on  the  shaft  occurs  at  the 
centre  of  the  bearing  and  is  equal  to  wl,  where  w  is  the  load 
carried  by  one  of  the  wheels,  and  /  the  distance  between  the 
centre  plane  of  the  wheel  and  the  centre  of  the  bearing.    Let  T 
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equal  the  maximum  torque  on  one  of  the  axle  shafts  in  pounds- 
feet  ;  that  is,  one-half  the  product  of  the  maximum  engine  torque 
by  the  low  gear  reduction  ratio  and  the  bevel  gear  reduction 
ratio.    If  the  diameter  of  the  shaft  is  d,  the  distance  c  of  the 

outermost  fibre  from  the  neutral  axis  is  —  and  the  moment  of 

2 

inertia  /  of  the  cross  section  is^ —  »  hence  inserting  in  the  well 

64 

known  formula  for  bending  stress 


we  have 


e        Mc 


The  polar  moment  of  inertia  of  the  circular  section  is^^» 

32 
and  inserting  in  the  formula  for  torsional  stress 

we  get 

w  d^ 
These  two  stresses  can  be  combined  by  means  of  the  equation 
given  on  page  172,  as  follows: 
16  tvl 


Sc  = 


^-|/5.09K//  +  ^(6i.i^7')»+i(io.i8w;/)« 


Hence 

This  diameter  is  required  at  the  bearing.  The  bending  moment 
decreases  uniformly  from  the  centre  of  the  bearing  to  the  centre 
of  the  road  wheel  and  the  centre  of  the  master  gear  hub,  re- 
spectively, and  if  the  lightest  possible  construction  is  desired 
the  shaft  diameter  may  be  decreased  from  the  value  calculated 
by  equation  (45)  at  the  bearing  to  the  diameter  required  for 
the  torsional  stresses  only  at  the  centre  of  the  road  wheel  and 
the  master  gear,  respectively. 

Axle  Housings — There  are  two  general  types  of  rear  axle 
housings,  viz.,  built-up  housings  consisting  of  a  central  driving 
gear  housing  of  cast  metal  and  of  tubes  forced  into  or  bolted  to 
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tliem,  and  integral  pressed  steel  or  drop  forged  housings.  The 
latter  are  a  comparatively  recent  development,  and  since .  they 
possess  important  advantages  in  the  way  of  strength  and  mini- 
mum weight,  they  are  rapidly  coming  into  extensive  use.  We 
will  first  consider  the  older  type,  the  built-up  axle. 


Fig.    135. — Types  of   Driving  Gear  Housings. 

The  central  cast  portion  or  driving  gear  housing,  which  is 
generally  cast  of  either  steel  or  malleable  iron,  and  occasionally 
of  aluminum,  may  be  made  in  different  ways,  as  shown  in 
I^ig*  135-     It  must  be  of  such  a  form  as  to  acconmiodate  the 
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differential  and  driving  bevel  gears,  and  it  must  be  either  split 
in  halves  or  provided  with  an  opening  big  enough  to  admit  the 
driven  bevel  gear.  Some  designers  give  this  housing  such  a 
form  that  its  walls  at  every  point  lie  close  to  some  contained 
part,  which  necessarily  leads  to  a  more  or  less  irregular  outside 
shape,  whereas  others  employ  regular  housings  of  bulbous,  spher- 
ical or  cylindrical  shape.  In  order  to  secure  the  necessary 
strength  with  a  minimum  weight  of  material  it  is  often  neces- 
sary to  rib  the  housing.  The  ribs  may  be  placed  either  on  the 
outside  or  on  the  inside,  but  internal  ribbing  has  gained  con- 
siderably in  favor  of  late,  as  a  smooth  outside  form  is  much 
easier  to  keep  clean. 

Formerly  housings  split  substantially  in  halves,  as  shown  at 
A  and  B,  Fig.  135,  were  much  used,  and  both  are  still  met  with. 
It  is  now,  however,  more  common  practice  to  make  the  greater 
part  of  the  case  in  a  single  piece,  with  a  segmental  cover  either 
on  top,  as  at  C,  or  at  an  angle,  as  at  D,  so  the  opening  is  most 
accessible  from  the  rear  of  the  car.  As  stated,  these  large  open- 
ings primarily  serve  the  purpose  of  introducing  the  bevel  gear 
and  differential  In  some  designs  of  rear  axle  the  differential 
is  carried  by  a  special  plate  bolted  to  the  front  of  the  driving 
gear  housing,  which  latter  has  large  openings  both  in  front  and 
rear,  as  shown  at  E.  A  rather  original  design  of  driving  gear 
housing  is  used  on  some  of  the  cars  employing  transmission  axles. 
The  gear  case  of  these  cars  has  an  annular  extension  atx^the  rear 
surrounding  the  differential  and  driving  gear,  and  flared  inner 
ends  of  the  axle  tubes  or  cast  end  plates  are  bolted  against  the 
ends  of  this  annulus  (see  F,  Fig.  135). 

Axle  Tubes — Besides  the  driving  gear  housing  the  supporting 
structure  of  the  built-up  rear  axle  comprises  a  pair  of  so-called 
axle  tubes.  These  are  generally  made  from  drawn  material,  but 
occasionally  they  are  cast.  In  a  semi-floating  axle  the  tubes 
may  be  of  uniform  section  from  end  to  end,  but  in  a  full 
floating  axle  they  are  generally  swaged  down  to  a  smaller 
diameter  where  they  pass  through  the  hubs,  so  that  it  is  not 
necessary  to  use  inordinately  large  bearings  in  the  hubs.  The 
inner  portion  of  the  tubes  should  preferably  be  of  considerable 
diameter,  as  less  weight  of  material  is  then  required  in  order  to 
produce  a  certain  resistance  to  bending  and  torsional  strains. 

The  tubes  may  be  fitted  to  the  driving  gear  housing  in  different 
ways.  Ordinarily  they  are  forced  under  pressure  into  integral 
hubs  of  the  driving  gear  housing  and  are  then  riveted,  as  shown 
in  Fig.  136  at  i4.    This  makes  a  very  good  job.    They  may  also 
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be  screwed  into  the  hubs  of  the  housing  and  riveted.  Instead 
of  being  riveted  the  tubes  may  be  secured  by  brazing,  but  this 
is  open  to  the  objection  that  in  brazing  there  is  some  danger  of 
accidentally  overheating  the  metal  and  thus  depriving  it  of  a 
great  deal  of  its  strength.  The  hubs  of  the  housing  should 
preferably  be  beaded  at  their  outer  end.  Some  designers  pro- 
vide flanged  sleeves  which  are  brazed  onto  the  tubes  and  are 
bolted  to  the  driving  gear  housing.     This  makes  it  possible  to 


Fig.   136. — Methods  of  Securing  Axle  Tubes  to  Driving 
Gear  Housing. 

renew  one  of  the  tubes  at  any  time  without  the  necessity  of 
bringing  it  to  a  well-equipped  machine  shop.  This  construction 
is  illustrated  in  Fig.  136  at  B,  A  very  excellent  though  little 
used  method  consists  in  splitting  the  hub  of  the  driving  gear 
housing  and  clamping  the  tube  by  means  of  four  bolts,  th.e  bolts 
passing  slightly  beneath  the  surface  of  the  tube  so  as  to  lock 
it  against  endwise  motion  (C,  Fig.  136).    What  is  probably  the 
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best  method  of  making  a  built-up  axle  consists  in  the  use  of 
tapered  and  flanged  swaged  axle  tubes  which  are  bolted  to  the 
driving  gear  housing,  as  shown  at  D,  Fig.  136. 

In  order  to  insure  a  rigid  axle  housing  it  is  necessary  to  have 
a  relatively  long  bearing  for  the  axle  tube  in  the  hub  of  the 
driving  gear  housing.  This  bearing  is  generally  made  from 
two  to  two  and  a  half  times  the  outside  diameter  of  the  tube. 
With  the  best  class  of  workmanship  a  somewhat  smaller  length 
of  bearing  is  permissible.  It  is  also  advantageous,  from  the 
standpoint  of  rigidity,  to  make  the  driving  gear  housing  of  con- 
siderable width  in  the  transverse  direction  of  the  vehicle,  so  the 
tubes  need  not  be  so  long.  In  some  constructions  the  entire 
portion  of  the  axle  housing  between  wheel  hubs  is  made  in  two 


Fig.  137.— Flanged  Outer  End  of  Axle  Tube  Riveted  to 
Combined  Brake  Support  and  Bearing  Housing. 

castings,  and  short  tubes  are  inserted  into  these  for  the  wheels 
to  run  upon.  Constructions  may  be  found  ranging  all  the  way 
from  this  extreme  to  that  in  which  the  tubes  extend  close  up  to 
the  differential  bearings. 

In  a  plain  live  or  semi-floating  axle  a  bearing  housing  has  to 
be  provided  at  the  outer  end  of  the  axle  tube.  While  it  is  pos- 
sible to  expand  the  tube  itself  for  this  purpose,  this  construction 
is  rarely  seen.  The  bearing  housing  is  usually  made  in  a  separate 
piece  which  is  forced  into  or  over  the  end  of  the  axle  tube  and 
secured  by  riveting  or  brazing.  In  one  construction,  illustrated 
in  Fig.  137,  the  axle  tube  is  flanged  at  the  outer  end  and  riveted 
to  a  casting  which  forms  the  brake  carrier  and  bearing  housing. 
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Stresses  on  Axle  Tubes— In  discussing  the  stresses  on  the 
housing  of  a  driving  axle  we  have  to  consider  three  distinct 
cases,  viz.: 

(i)  When  the  car  is  being  started; 

(2)  When  the  car  is  being  driven ; 

(3)  When  the  car  is  being  braked. 

The  first  two  cases  are  similar  in  that  the  kinds  of  stresses 
produced  are  the  same,  only,  since  the  clutch  will  transmit  a 


Fig.  138. — Loads  on  Housing  Corkesponding  to  Forward 
Driving. 
greater  torque  than  the  motor  is  capable  of  developing,  if  the 
former  should  be  allowed  to  grip  suddenly,  the  flywheel  inertia 
would  cause  a  greater  torque  to  be  impressed  on  the  rear  axle 
than  would  ever  occur  in  regular  driving.  Just  how  much 
greater  it  would  be  it  is  impossible  to  determine.    When  the  car 
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18  being  started  or  driven  forward  the  loads  and  reactions  on 
the  axle  structure  are  as  shown  in  Fig.  138.  There  is  a  down- 
ward pressure  w  on  each  of  the  two  spring  saddles.  Then  there 
is  the  weight  vh  of  the  axle  itself,  which  may  be  considered  con- 
centrated at  the  centre.  Then  there  are  also  the  loads  b  b  on 
the  differential  bearings,  the  load  b*  on  the  pinion  bearing  and 
the  reaction  c  at  the  point  of  support  of  the  torque  arm  on  the 
frame.  Finally  there  is  the  reaction  P  of  the  road  surface  on  the 
driving  wheel  causing  the  forward  motion  of  the  car. 

It  can  easily  be  shown  that  the  bearing  loads  b  b  are  equal  to 
b\  hence  the  pressures  on  the  inner  bearings  create  no  stress  in 
the  axle  tubes.  Also,  the  moments  of  forces  b'  and  c  around  the 
rear  axle  axis  are  equal  and  opposite,  and  therefore  have  no 
effect  on  the  axle  tubes.  There  remain  only  the  vertical  bending 
moments  due  to  the  weights  tcf  w  on  the  spring  seats,  the  vertical 
bending  moment  due  to  the  weight  zvi  of  the  axle,  and  the  hori- 
zontal bending  moment  due  to  the  propelling  thrust  P, 

When  the  brakes  are  applied  we  have  the  same  moments  in 
the  vertical  plane  due  to  the  weight  resting  on  the  spring  seats 
and  the  weight  of  the  axle.  The  horizontal  moment  is  in  the 
opposite  direction  and  is  proportional  to  the  maximum  braking 
force  instead  of  to  the  maximum  propelling  force,  which  former 
is  at  least  equal  to  the  latter.  In  addition  we  have  in  this  case 
a  bending  moment  on  the  tubes,  since  the  brake  supports  are  se- 
cured to  the  outer  ends  of  the  axle  tubes,  and  when  the  brakes  are 
applied  the  friction  between  brake  band  and  drum  tends  to  carry 
the  brake  supports  around  with  the  drums.  This  tendency  is 
counteracted  by  the  torque  tube  or  rod  which  is  generally  fixed 
to  the  axle  housing  near  its  middle. 

It  will  thus  be  seen  that  when  braking,  the  axle  tubes  are  sub- 
jected to  the  same  bending  stresses  as  when  driving,  and,  besides, 
they  are  subjected  to  torsion.  Hence  the  combined  stress  is 
greatest  when  the  brakes  are  applied,  and  only  this  case  needs 
to  be  considered.  Owing  to  the  fact  that  the  weight  of  the  axle 
is  not  known  in  advance,  and  since  it  is  small  in  comparison 
with  the  weight  on  the  springs,  it  is  advisable  to  neglect  this 
factor. 

In  respect  to  the  vertical  load,  the  axle  housing  forms  a  beam 
freely  supported  at  both  ends  and  loaded  at  the  centre  and  two 
intermediate  points,  the  equivalent  point  of  support  being  at  the 
centre  of  the  road  wheel  in  the  case  of  a  full  floating  axle  and  at 
the  centre  of  the  outboard  bearing  in  the  cases  of  semi-floating 
and  plain  live  axles.    The  bending  moment  increases  from  noth- 
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ing  at  the  point  of  support  to  the  maximum  at  the  centre  of  the 
spring  seats  and  is  constant  between  spring  seats.     (See  Fig. 

139.) 

In  respect  to  the  horizontal  bending  moment,  each  half  of  the 
axle  may  be  considered  as  a  cantilever,  the  middle  of  the  axle 
being  the  fixed  end  of  the  lever  and  the  load  being  applied  to 
the  outer,  free  end.  The  variation  of  all  of  the  moments  is  shown 
in  the  three-plane  diagram,  Fig.  139. 

Now,  let  us  take  any  section  of  the  tube  inside  the  spring  seat 
at  a  distance  x  from  the  centre  plane  of  the  road  wheel.    The 


Fig.  139.— Bending  Moments  on  Axle  Tube. 

A,  Bending  Moment  Due  to  Weight  on  Springs;  B,  Bending  Moment 
Due  to  Axle  Weight;  C,  Bending  Moment  Due  to  Retarding  Force  of  Rear 
Wheel. 

moment  at  this  section  due  to  the  weight  on  the  spring  seat 
is  wl,  and  the  moment  due  to  the  retarding  force  of  the  brakes 
is  P  X,  The  maximum  retarding  force  P  is  reached  when  the 
wheels  are  locked  on  dry  macadam  surface,  under  which  condi- 
tion the  coefficient  of  friction  with  rubber  tired  wheels  is  about 
0.6.    Hence,  P  =  o.6  w  and  P  4r  =  o.6  w  x.    These  two  bending 
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moments  are  in  planes  at  right  angles  to  each  other  and  their 
resultant  (Fig.  140)  is  equal  to  the  square  root  of  the  sum  of 
their  squares.    That  is, 

=  w  ^//»  +  o.36jc». 
Denoting  the  radius  of  the  road  wheel  by  r,  the  torsional 
moment  on  the  axle  tube  is 

The  unit  bending  stress  is 
and  the  unit  torsional  stress, 
The  combined  stress  is 

Remembering  that  for  a  circle  J  =  2!,  we  may  write  this  in 
the  form 

^^  =  Jj  (^b  +  ^Mx^  +  Myfl^ (46) 

No^  let  D  denote  the  outside  diameter  of  the  axle  tube  and 
d  the  inside  diameter.    Then 

D 


2 


and 


^^ir(Z?*-rf*). 


64 

Inserting  these  values  and  those  of  Af,   and  M^  found  above, 
in  equation  (46)  we  get 

'^°^2T(i9^-rf^)("'^^'  +  Q-36^'+^^o.36r'  +  /'  +  o.36T') 

=  ^4^?^  (v'/' +  0.36  ^»  +  v'/»  4- 0.36  x«  + 0.36  r«) (47) 

Denoting  the  part  in  parentheses  by  y  we  may  write 

D*  Sc—  5  D TV y  =  d*  Sc 
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and  replacing  the  value  of  y — 


Sc 


The  great  majority  of  rear  axles  are  provided  with  trusses. 
No  matter  how  strongly  a  rear  axle  housing  is  constructed,  un- 
less it  is  provided  with  an  under  running  truss  it  will  sag  slightly 
in  the  middle.  This  causes  the  rear  wheels  to  spread  at  the 
bottom,  which  makes  for  an  unsightly  appearance  and  poor  work- 
ing conditions  of  the  bearings.  By  means  of  the  under  running 
truss  the  axle  tubes  can  be  practically  entirely  relieved  of  vertical 
bending  stresses.  In  that  case  only  two  stresses  are  to  be  con- 
sidered, viz.,  the  torsional  stress  and  the  horizontal  bending  stress. 


0.$ujr 


Fig.  140.— Composition  of  Bending  Moments  and  Couple 
ON  Axle  Tube. 

The  value  of  the  latter  is  0.6  w  x.    Substituting  the  values  for 
this  case  in  equation  (46)  we  have 

•S'c  =  —(^^-^Td^)  \0'tivx  +  >/(o.t  IV  r)*  +  (0.6  u/  x)^J  = 

J^^-,(x+y(;M^) U9) 

By  the  same  processes  as  us€d  in  the  preceding  case  we  then 
find  that 


d 


=  |//?*- 


(50) 
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The  stress  Sc  may  be  chosen  at  15,000  lbs.  per  square  inch  for 
carbon  steel  tubing,  and  20,000  lbs.  per  square  inch  for 
nickel  steel  tubing.  In  determining  the  diameters  of  the  tube,  the 
outside  diameter  is  usually  chosen  about  twice  the  diameter  of 
the  axle  shaft,  and  the  required  inside  diameter  may  then  be 
calculated  by  equation  (48)  or  (50).  Steel  tubing  has  been 
standardized  by  the  Society  of  Automobile  Engineers  and  the 
standard  sizes  should  be  selected.     (See  Appendix.) 

To  illustrate  the  use  of  the  equations  we  will  calculate  the 
necessary  diameters  of  axle  tubes  for  a  car  carrying  2,000  pounds 
on  the  rear  axle,  having  wheels  32  inches  in  diameter  and  in 
which  the  distance  x  from  the  centre  plane  of  the  rear  wheel  to 
the  point  where  the  axle  tube  enters  the  hub  of  the  driving  gear 
housing  is  18  inches.  The  weight  on  the  rear  axle  corresponds 
to  that  in  the  average  five  passenger  touring  car,  loaded,  and  we 
may  assume  that  it  is  medium-powered  and  has  rear  axle  driving 
shafts  1%  inches  in  diameter.  Hence  the  outside  diameter  of 
the  axle  tubes  might  be  made  254  inches.    We  then  have 

Z>  =  25^  inches, 

r  =  16  inches, 

jr  =  18  inches, 

tw=  1,000  lbs. 
Assuming  that  the  tubes  are  to  be  of  carbon  steel,   we  put 
S^  -  15,000.    Inserting  values  in  equation  (50)  we  have 

,      y      \      3X2.5X  i.ooo(i8  +  v'i62_^ig«)  . 

<f  :=  4/  2.5* -^ ^  =  2 .06  tnch€S, 

^  15,000 

This  is  the  minimum  section  for  any  point  between  the  brake 
support  and  the  driving  gear  housing.  Beyond  the  brake  sup- 
port the  axle  tube  is  subjected  to  bending  stresses  only.  Since 
the  truss  rod  is  generally  anchored  to  the  brake  support,  the 
vertical  bending  moment  comes  on  this  part  of  the  tube  whether 
the  axle  is  provided  with  a  truss  rod  or  not.  The  inside  diameter 
of  the  tube  at  this  point  would  generally  be  made  about  yi  inch 
larger  than  the  diameter  of  the  axle  shaft  and  the  outside  diameter 
calculated  to  give  a  unit  stress  of  15,000  or  20,000  pounds  per 
square  inch  under  the  combined  bending  moments.  The  outside 
diameter  of  the  tube  would  then  be  made  such  as  to  correspond 
with  the  bore  of  the  next  largest  size  of  bearing.  However,  if 
the  axle  tube  is  continued  through  the  wheel  hub  with  the  same 
thickness  of  wall  as  it  has  between  the  spring  seat  and  the  driving 
gear  housing,  the  outer  portion  of  the  tube  will  be  amply  strong. 


Digitized  by  VjOOQ IC 


BEVEL  GEAR  DRIVE  AND  REAR  AXLE.  225 

Pressed    Steel    Housins; — Pressed   steel   presents   the   same 
advantages  for  rear  axles  as  it  does  for  other  parts  subjected  to 


(Ju 


Fig.  141. — Fiat  Pressed  Steel  Axle 

varying  loads  and  to  shock.  It  gives  the  maximum  strength  for 
a  given  weight,  and  when  a  sufficient  number  of  parts  are  needed 
to  make  the  pro  rata  cost  of  the  dies  small,  pressed  steel  parts 
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are  usually  lower  in  cost  than  equivalent  parts  made  by  other 
processes. 

One  of  the  earliest  automobile  concerns  to  bring  out  a  pressed 
steel  rear  axle  was  the  Fiat  Automobile  Company,  of  Turin,  Italy, 
whose  axle  is  illustrated  in  Fig.  141.  In  this  design  the  entire 
rear  axle  and  propeller  shaft  housing  are  made  in  two  identical 
pressed  steel  parts  which  are  bolted  together.  The  housing  is 
heavily  ribbed  and  is  used  without  a  truss  rod.  A  large  drop 
forged  fork  is  clamped  to  the  forward  end  of  the  propeller  shaft 
housing  and  is  hinged  to  a  cross  member  of  the  frame.  The 
differential  and  driving  shaft  bearings  are  carried  by  a  frame 
riveted  into  the  enlarged  portion  at  the  middle  of  the  pressed 
steel  housing.  It  will  be  noticed  that  the  clamping  screws  at  this 
part  of  the  housing  are  closer  together  than  elsewhere. 

Another  type  of  pressed  steel  axle  is  represented  by  the  Timken 
shown  in  Fig.  142.  In  this  case  the  housing  has  two  large  open- 
ings, in  the  front  and  rear  respectively.  It  is  pressed  from  sheet 
steel,  in  halves  which  are  welded  together  by  the  oxy-acetylcne 
process.  In  the  axle  illustrated  the  joint  is  in  the  horizontal 
plane,  while  in  the  Marmon  axle,  which  is  also  of  this  type,  the 
joint  is  in  the  vertical  plane  and  the  welded  joint  forms  a 
strengthening  rib. 

A  third  type  of  pressed  steel  axle  which  is  used  on  several 
makes  of  American  low  priced  cars  made  in  very  large  numbers 
is  illustrated  in  Fig.  143.  The  axle  housing  is  made  in  halves 
which  are  joined  in  a  vertical  plane  at  the  centre  of  the  driving 
gear.  Each  half  is  again  made  of  two  parts,  viz.,  the  central 
casing  which  is  made  by  the  swaging  process,  and  a  plain  tube 
which  is  joined  to  the  latter  by  the  oxy-acetylene  welding  process. 
Plain  or  cylindrical  roller  bearings  are  generally  used  with  this 
type  of  axle,  and  as  a  rule  the  axle  is  of  the  plain  live  or  semi- 
floating  type.  The  bearing  bushings  are  supported  by  annular 
pieces  of  pressed  steel  welded  into  the  housing  by  means  of  the 
oxy-acetylene  torch.  Axles  of  this  design  are  used  on  Ford, 
E-M-F  and  Flanders  cars. 

Qear  Carrier. — ^With  the  type  shown  in  Fig.  142  it  is  com- 
mon to  carry  all  of  the  bearings  for  the  differential  gear  and 
driving  pinion  on  a  structure  known  as  the  gear  carrier  or  dif- 
ferential carrier,  which  is  bolted  to  the  pressed  steel  housing.  In 
some  designs  this  carrier  forms  the  closure  for  the  front  opening 
in  the  pressed  steel  housing  and  has  the  torque  tube  or  rod  secured 
to  it,  while  in  other  cases  it  is  inserted  through  the  rear  opening 
and  bolted  to  the  rear  flange  of  the  housing,  but  does  not  serve 
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as  a  cover  for  this  opening.  The  use  of  a  differential  carrier  has 
the  advantage  that  all  of  the  bearings  for  the  driving  gear  are 
carried  in  a  single  integral  part  and  cannot  be  thrown  out  of 
alignment  by  the  stresses  on  the  axle  housing.  Moreover,  the 
bearings  can  be  adjusted  before  the  axle  is  assembled. 

Although  the  above  classification  covers  the  most  distinctive 
types  of  pressed  steel  rear  axles,  it  docs  not  include  all.  This 
design  of  rear  axle  is  still  in  a  state  of  development  and  new 
types  are  constantly  being  worked  out. 

Drop  Forged  Axles — Drop  forged  axles  present  substantially 
the  same  advantages  as  pressed  steel  axles.  They  do  not  require 
any  welding  to  be  done  upon  them,  and,  besides,  they  permit  of 
variations  in  the  thickness  of  the  walls  at  different  points  and  of 
integral  flanges  for  the  spring  seats,  etc.    The  advantage  over  the 


Fig.  145.— Diagram  of  Arched  Axle  and  Dished  Wheels. 

pressed  steel  axle  that  no  welding  is  required  is  offset,  however, 
by  the  fact  that  the  tubular  portions  must  be  bored  out.  Axles  of 
this  type  are  used  on  the  Stearns  and  Alco  cars,  and  the  axle 
housing  of  the  latter  is  illustrated  herewith  (Fig.  144).  The 
central  portion  of  the  drop  forged  housing  is  in  the  form  of  a 
ring,  and  a  gear  carrier  and  a  large  rear  cover  plate  are  used. 
Ten  bolts  pass  through  the  flange  of  the  gear  carrier  and  that  of 
the  cover  plate,  but  only  four  of  these  pass  through  holes  in  the 
drop  forged  housing.  The  housing  is  heavily  ribbed  between  the 
annular  and  tubular  portions  and  no  truss  rod  is  used. 

Arched  Rear  Axles — Dished  wood  wheels  present  considerable 
advantage  over  plain  wheels  in  the  way  of  strength,  and  on  horse 
vehicles  these  wheels  are  used  exclusively.  But  in  order  to  run 
properly,  dished  wheels  must  be  mounted  on  a  cambered  axle 
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whose  "set"  is  equal  to  the  angle  of  dish  of  the  wheel,  so  that  the 
lowermost  spoke,  which  carries  the  load  on  the  wheel,  stands  in 
a  vertical  position.  (See  Fig.  145.)  It  is  customary  to  give  a 
slight  "set"  to  the  front  wheel  spindles,  and  when  the  side  chain 
drive  was  common  the  rear  axle  spindles  also  were  often  given  a 
set  of  a  few  degrees,  the  flexibility  of  the  chain  making  this 
possible.  With  the  ordinary  design  of  shaft  driven  rear  axle, 
however,  it  is  impossible  to  incline  the  rear  axle  spindles,  and  if 
it  is  desired  to  employ  dished  road  wheels  it  is  necessary  to  re- 


FiG.  146. — Central  Portion  of  Peerless  Arched  Axle. 


sort  to  special  cons^uctions.  One  plan  consists  in  dividing  each 
rear  axle  shaft  into  two  parts  and  connecting  these  parts  by 
some  form  of  universal  joint.  This  construction  is  exemplified 
in  the  Peerless  rear  axle  shown  in  Fig.  146.  The  axle  tubes  are 
set  into  the  driving  gear  housing  at  an  angle  equal  to  the  desired 
angle  of  set,  and  an  internal  and  spur  gear  type  of  universal  joint 
is  used. 

In  another  design  the  differential  gear  is  mounted  upon  an 
extension  of  the  propeller  shaft,  as  shown  in  Fig.  147.  Each 
master  gear  is  provided  with  a  long  sleeve  which  carries  a  bevel 
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pinion  at  its  outer  end.  The  two  pinions  mesh,  respectively,  with 
bevel  gears  secured  to  the  rear  axle  driving  shaft.  In  order  that 
there  may  be  no  interference  between  the  two  sets  of  bevel  gears, 
the  two  pinions  are  made  of  different  pitch  diameters,  and  the 
two  gears  the  same,  but  of  course  the  ratio  between  the  number 
of  teeth  in  the  pinion  and  gear  is  the  same  for  both  sets.  This 
construction  has  the  advantage  that  the  differential  gear  is  driven 
at  a  relatively  high  rate  of  speed  and  therefore  can  be  made 
smaller.  The  differential  is  operated  in  a  somewhat  unusual  man- 
ner in  that  power  is  applied  to  the  pinion  spider  through  the 


Fig.    147. — Arched   Axle  with  Differential  on  Propeller 
Shaft. 

central  shaft  instead  of  through  the  differential  housing  or  frame, 
as  ordinarily.  This  type  of  rear  axle  is  used  by  the  Daimler 
Motor  Company  in  Germany;  and  by  the  La  Buire  Automobile 
Company  in  France.  It  is,  of  course,  obvious  that  with  this  con- 
struction the  axle  tubes  may  be  inclined  at  any  angle  desired. 

Types  of  Bearings — Anti-friction  bearings  are  used  almost 
exclusively  on  live  rear  axles,  and  all  of  the  different  types  are 
well  represented  in  this  part  of  the  car.  In  addition  to  the  radial 
load  resulting  from  the  weight  of  the  frame  and  body  carried 
on  the  axle,  and  from  the  reaction  of  the  bevel  gears,  there  are 
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thrust  loads  due  to  driving  on  one  side  of  a  strongly  crowned 
road  or  to  skidding  and  to  the  reaction  of  the  bevel  gears.  All 
these  thrust  loads  must  be  provided  for  in  some  way.  Owing  to 
the  fact  that  the  thrust  load  in  skidding  may  assume  very 
considerable  values  and  that  radial  ball  bearings  should  not  be 
subjected  to  thrust  loads  of  more  than  lo  per  cent  of  their 
radial  load  capacity,  a  great  many  rear  axles  are  fitted  with  some 
form  of  combined  radial  and  thrust  bearing.  When  bearings  are 
used  which  do  not  take  any  thrust  load  whatever,  as,  for  in- 
stance, cylindrical  roller  bearings,  it  is  absolutely  necessary  to 
provide  special  thrust  bearings.  It  is  not  customary  to  provide 
thrust  bearings  inside  the  rear  wheel  hubs  when  radial  ball  bear- 
ings are  fitted.  These  bearings  are  generally  of  considerable  size, 
and  are  depended  upon  to  carry  the  thrust  load  as  well.  In  some 
designs  of  axles  the  thrust  load  is  transmitted  from  the  wheels 
through  the  axle  shafts  to  the  thrust  bearings  at  the  side  of  the 
differential  gear.  In  the  latter  case  it  is  necessary  that  the 
axle  shaft  be  securely  fastened  to  the  master  gear  of  the  differen- 
tial as  well  as  to  the  road  wheel  hub. 

Bearing  Pressures — ^Taking  up  first  the  bearings  for  the 
bevel  pinion  shaft,  there  are  two  general  arrangements.  The 
most  common  of  these  consists  in  mounting  the  shaft  in  two 
bearings,  both  back  of  the  pinion,  one  as  close  to  it  as  possible 
and  the  other  a  considerable  distance  away.  The  other  method 
consists  in  placing  one  bearing  on  either  side  of  the  pinion.  The 
total  bearing  load  is  much  smaller  when  the  pinion  is  mounted 
between  bearings,  and  this  arrangement,  no  doubt,  would  be 
used  much  more  extensively  if  it  were  not  so  difficult  to  find 
sufficient  room  for  the  inner  bearing.  As  it  is,  some  bearing 
makers  rather  oppose  the  latter  arrangement  on  the  ground  that 
too  small  bearings  are  generally  used  on  the  inner  side  of  the 
pinion,  and  much  trouble  is  experienced  in  consequence.  Owing 
to  the  fact  that  the  spur  type  differential  gear  has  no  projecting 
hubs  on  its  circumference,  this  type  is  preferable  where  a  bearing 
is  to  be  placed  on  the  inner  side  of  the  pinion.  If  the  bevel  type 
of  differential  is  used  it  is  customary  to  place  it  on  the  back  side 
of  the  bevel  gear,  if  an  inner  bearing  is  to  be  fitted  on  the  pinion 
shaft. 

A  modification  of  the  first  design  described  is  that  in  which 
the  forward  end  of  the  propeller  shaft  tube  rides  on  the  propeller 
shaft  through  the  intermediary  of  a  ball  bearing.  In  this  case 
there  is  only  a  single  bearing  at  the  bevel  pinion,  and  the  load 
on  the  bearing  is  less  than  it  would  be  if  there  were  another 
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bearing  close  to  it    However,  while  th^  bearing  load  is  reduced 
the  stress  in  the  propeller  shaft  is  increased. 

Besides  the  radial  load  the  pinion  shaft  is  subjected,  to  thrust 
loads.  There  is,  first,  the  end  thrust,  due  to  the  tooth  reaction 
of  the  bevel  gears,  which  is  in  the  forward  direction.  Besides 
this,  there  is  a  thrust  load  due  to  the  friction  at  the 
sliding  joint  in  the  propeller  shaft.  This  changes  in  direc- 
tion with  the  direction  of  slippage  at  the  joint  and  varies  in  value 
according  to  the  mean  radius  from  the  axis  of  rotation  of  the 


Fig.  148. — P iNiON  Shaft 
Mounting  Without  Thrust 
Bearing. 


Fig.    149.— P inion    Shaft 
Mounting     With     Single 
Thrust  Bearing. 


surfaces  on  which  the  slippage  takes  place,  and  according  to  the 
state  of  their  lubrication.  This  load  is  greatest  when  a  squared 
or  fluted  shaft  type  of  slip  joint  is  employed,  and  smallest  with 
the  block  and  trunnion  type  of  joint  When  the  sliding  takes 
place  in  one  direction  the  thrust  load  due  to  this  cause  adds  to  that 
due  to  the  tooth  reaction,  whereas  if  it  takes  place  in  the  opposite 
direction,  the  two  end  thrusts  are  opposed  and  the  resultant  may 
possibly  be  directed  backward. 

The  bevel  pinion  end  thrust  varies  considerably  with  changes 
in  the  gear  reduction  ratio,  being  greatest  for  small  reductions. 
With  large  gear  reduction  ratios  and  block  and  trunnion  type 
slip  joints  it  is  quite  possible  to  take  up  the  end  thrust  on  the 
radial  ball  bearings,  which,  as  already  pointed  out,  have  a  thrust 
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load  capacity  of  lo  per. cent,  of  their  radial  load  capacity.  A 
design  in  which  end  thrust  in  both  directions  is  taken  up  on 
radial  bearings  is  shown  in  Fig.  148.  In  this  construction  it  is 
essential  that  the  measurements  x  and  y  be  exactly  alike,  as 
otherwise  the  bearings  will  be  cramped  when  the  inner  races  are 
drawn  tight  on  the  shaft  Both  outer  races  are  close  up  against 
a  shoulder  at  one  end,  but  are  free  at  the  other  end. 

In  the  design  shown  in  Fig.  149,  end  thrust  in  the  forward  di- 
rection is  provided  for  by  a  special  ball  thrust  bearing.  This 
construction  is  suitable  where  the  bevel  gear  gives  a  small  re- 


FiG.  150. — Pinion  Shaft  Mounting  With  Double  Thrust 
Bearings. 

duction  and  the  slip  joint  is  of  the  block  and  trunnion  type,  so 
that  there  is  little  chance  of  the  end  thrust  ever  changing  in 
direction. 

The  most  highly  developed  design  provides  double  thrust  bear- 
ings on  the  pinion  shaft,  as  shown  in  Fig.  150.  In  this  design  a 
central  thrust  plate  is  clamped  between  collars,  which  in  turn 
are  clamped  between  a  shoulder  in  the  bearing  housing  and  the 
end  plate.  This  thrust  plate  forms  part  of  the  double  thrust 
bearing,  which  is  assembled  on  a  sleeve  mounted  on  the  pinion 
shaft.  This  sleeve  also  serves  as  a  spacer  for  the  radial  ball 
bearings,  the  inner  races  of  both  of  which  are  securely  clamped  to 
the  shaft,  while  the  outer  races  are  free  to  move  endwise.  With 
this  construction  the  pinion  is  held  positively  endwise,  thus  insur- 
ing continued  accuracy  of  mesh,  and  the  radial  bearings  are  re- 
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lieved  of  all  thrust  loads,  and  consequently  operate  at  their  high- 
est efficiency. 

It  will  be  seen  that  the  construction  Fig.  150,  which  takes 
account  of  all  possible  bearing  loads,  is  somewhat  complicated, 
and  for  this  reason  many  designers  prefer  combined  radial  and 
thrust  bearings  for  the  pinion  shaft,  such  as  conical  roller  bear- 
ings, cup  and  cone  ball  bearings,  etc  Fig.  151  illustrates  a  pinion 
shaft  mounted  in  two  conical  roller  bearings.  The  outer  rings 
of  the  roller  bearings  lie  close  up  to  internal  flanges  on  the 


Fig.  151.— Pinion  Shaft  Mounted  in  Conical  Roller  Bearings. 

bearing  housing  at  their  inner  ends,  and  both  of  the  bearings 
can  be  adjusted  by  means  of  a  single  nut  and  check  nut  at  the 
outer  end,  which  are  very  accessible.  This  design  also  provides 
means  for  adjusting  the  mesh  of  the  gears,  consisting  of  an  inner 
and  an  outer  housing,  the  inner  housing  being  screwed  into  the 
outer  one  and  locked  in  position  when  the  gears  have  once  been 
properly  adjusted.  No  such  adjustment  is  provided  in  the  design 
Fig.  15a 

The  Hyatt  type  of  flexible  roller  bearing  is  also  used  to  some 
extent  on  pinion  shafts.  A  typical  mounting  of  these  bearings  is 
shown  in  Fig.  152.  The  outer  sleeve  of  the  bearing  is  pressed 
into  the  bearing  housing  and  held  from  rotating  by  means  of  a 
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set  screw.  The  inner  sleeve  is  forced  over  the  pinion  shaft,  and 
its  forward  end  presses  against  a  thrust  plate,  forming  one 
member  of  a  ball  thrust  bearing,  the  other  plate  of  which  bears 
against  an  adjusting  nut  screwed  into  the  bearing  housing.  This 
design  is  intended  for  cars  with  only  a  single  universal  joint  in 
the  propeller  shaft,  and  the  forward  end  of  the  shaft  is  to  be  car- 
ried in  another  roller  bearing,  designated  a  "steadying  bearing." 
Calculation  of  Pinion  Shaft  Bearings— In  determining  the 
proper  sizes  of  bearing^  for  the  pinion  shaft  we  first  calculate 
the  torque  on  the  shaft  corresponding  to  full  engine  power  and 
direct  drive,  then  calculate  the  tooth  pressure  on  the  pinion,  based 
upon  the  mean  pitch  diameter  of  the  latter,  resolve  this  tooth 


Fig.  152.— Pinion  Shaft  Mounted  in  Hyatt  Roller  Bearing. 

pressure  into  a  radial  and  a  thrust  load,  and  finally  divide  the 
radial  load  between  the  two  bearings  supporting  the  pinion  shaft 
The  method  of  calculation  may  be  illustrated  by  means  of  a 
practical  example. 

We  will  take  the  case  of  an  engine  developing  a  maximum 
normal  speed  torque  of  108  pounds- feet  (four  cylinder,  4x5  inch). 
Suppose  that  the  bevel  pinion  has  16  teeth  of  five  pitch  and  the 
gear  54  teeth,  thus  giving  a  reduction  of  3.5  to  i.  According  to 
equation  (44)  the  proper  width  of  face  for  the  pinion  would  be 

-^^ =  1 .  205  —  say  I  i  inches. 

54X3.2X0.63 

The  largest  pitch  diameter  of  the  gear  is  10.8  inches,  and  that  of 

the  pinion  3.2  inches.    Hence,  the  distance  from  the  point  of  inter- 


Digitized  by 


Google 


BEVEL  GEAR  DRIVE  AND  REAR  AXLE.  237 

section  of  the  two  largest  pitch  diameters  to  the  point  of  intersec- 
tion of  the  axes  of  the  pinion  and  gear,  respectively,  is 

The  middle  of  the  length  of  the  tooth  is  at  a  distance 

5.63  —  0.625  =  5  inches 
from  the  point  of  intersection  of  the  shaft  axes,  hence  the  mean 
pitch  diameter  of  the  pinion  is 

3 . 2  X  — ^  =  2 .84  inches 
5  63 
and  the  mean  pitch  radius  is  142  inches.    The  tangential  pressure 
on  the  bevel  pinion  then  is 

}^^A23=g^2  pounds, 
1.42 

The  radial  component  of  this  pressure  can  be  found  by  means 

of  equation  (27)  after  the  angle  of  the  bevel  pinion  pitch  line 

with  the  axis  of  the  pinion  has  been  found.    The  tangent  of  this 

angle  is 

10.8         ^ 
and  the  angle  is  found  to  be  equal  to  16^  42'.    Inserting  values  in 
equation  (27), 

Pr  =  ^gi2*  +  (912  X  0.364X  0.958)^  =^^70 pounds. 
If  both  bearings  are  back  of  the  pinion,  as  in  Fig.  148,  the  dis- 
tance a  will  be  about  i^  inches  and  the  distance  b  $%  inches 
Hence  the  load  on  the  bearing  close  to  the  pinion  is 

970  X  -^  =  1,243  pounds, 
4 
and  the  load  on  the  bearing  farthest  from  the  pinion, 
1,243  —  970  =  273  pounds. 
These  are  the  maximum  loads  on  the  bearings  when  the  car 
is  being  driven  through  the  direct  drive.    When  it  is  driven  on 
any  of  the  other  gears  the  maximum  loads  on  the  bearings  will 
be  equal  to  the  product  of  the  above  loads  by  the  reduction  ratio 
of  the  particular  gear.    For  instance,  if  the  low  gear  reduction 
ratio  of  the  change  gear  be  3.2,  then  the  maximum  load  on  the 
bearing  directly  back  of  the  pinion  would  be 
3.2x1,243  =  3,977  pounds 
and  that  on  the  other  bearing 

3.2X273  =  873^<>«nrfj. 
In  selecting  the  size  of  bearing  it  must  be  borne  in  mind  that 
the  rated  capacity  of  the  bearing  is  very  conservative,  and  that, 
on  the  other  hand,  it  is  a  very  rare  occurrence  that  the  motor 
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operates  under  full  power  on  the  low  gear.  In  view  of  this  fact 
the  bearing  can  be  so  chosen  that  the  maximum  load  under  low 
gear  is  about  loo  per  cent  above  the  rated  capacity  of  the  bear- 
ing, or  that  the  rated  capacity  is  about  50  per  cent,  higher  than 
the  maximum  load  on  the  bearing  on  the  direct  drive.  For  the 
most  highly  loaded  bearings  the  heavy  series  of  ball  bearings  is 
usually  selected.  In  the  present  case  the  No.  407  would  probably 
be  chosen,  which  has  a  rated  capacity  of  1,900  pounds.  The  for- 
ward bearing  is  comparatively  lightly  loaded,  but  it  must  have 
a  bore  somewhat  larger  than  the  required  propeller  shaft  di- 
ameter. For  this  place  a  bearing  of  the  medium  series  would  be 
the  most  advantageous,  and  the  No.  307,  which  has  a  rated  load 
capacity  of  1,100  pounds,  would  probably  be  chosen. 

Now,  consider  the  case  where  the  bearings  are  placed  on  oppo- 
site sides  of  the  pinion,  as  in  Fig.  149.  The  distance  a  here 
measures  about  lA  inches,  and  the  distance  &  lA  inches.  Hence 
the  load  on  the  inner  bearing  would  be 

-j-^-r-X  970  =  461  pounds 
*r«  -r  ifi 
and  that  on  the  outer  bearing 

970  —  461  =  509  pounds. 
It  will  be  seen  that  in  this  case  the  bearing  loads  are  much 
smaller  than  in  the  preceding  case.  The  space  available  for  the 
inside  bearing  is  rather  limited,  yet  a  somewhat  higher  factor  of 
safety  is  attainable  in  this  case  than  in  the  previous  one.  A  No. 
404  bearing,  having  a  rated  capacity  of  1,050  pounds,  could  be 
used  on  the  inner  end  of  the  pinion,  and  a  No.  307,  having  a 
rated  capacity  of  1,100  pounds,  on  the  other  end.  The  rated 
capacities,  therefore,  are  about  100  per  cent  higher  than  the  maxi- 
mum bearing  loads  on  the  direct  drive.  If  the  outside  diameter 
of  the  bearing  is  limited  and  the  load  to  be  carried  is  large,  bear- 
ings of  the  so-called  heavy  series  should  always  be  selected.  In 
Fig.  149,  in  order  to  throw  as  much  of  the  bearing  load  as  pos- 
sible on  the  bearing  back  of  the  pinion,  the  pinion  is  provided 
with  a  projecting  hub,  and  the  bearing  on  the  inside  is  located  at 
some  distance  from  the  pinion  proper.  This,  of  course,  can  only 
be  done  where  the  differential  gear  is  entirely  back  of  the  bevel 
gear.  The  housing  for  the  inside  bearing  in  this  design  is  made 
cup-shaped,  so  as  to  permit  of  the  largest  possible  size  of  bear- 
ing without  sacrificing  strength  in  the  supporting  housing. 

Differential  Bearings — It  is  not  necessary  to  consider  the 
plain  live  axle  mathematically,  as  that  type  is  practically  obsolete. 
In  nearly  all  modern  axles  the  inner  axle  bearings  are  mounted 
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on  the  hubs  of  the  differential  housing,  and  with  the  full  floating 
type  of  axle  at  least  the  loads  on  these  differential  bearings  are 
due  solely  to  the  bevel  tooth  reaction.  The  normal  pressure  on 
the  teeth  of  the  gear  is  the  same  as  the  normal  pressure  on  the 
teeth  of  the  pinion,  and  the  tangential  pressures  on  gear  and 
pinion  are  also  the  same.  Hence — continuing  our  example— the 
tangential  force  on  the  gear  is  970  pounds.  The  pitch  line  angle 
of  the  gear  is  such  that  its  tangent  is 

-•«=3.38 
3-2 

and  the  angle  is  found  to  be  equal  to  70°  30'.    Inserting  values  in 

equation  (27)  for  this  case  we  have 

Pr  =  -v/gyo*  -1^(970  X  o.  364  X  o.  284)"  =  fyf  I  founds. 
The  thrust  load  is  found  by  inserting  values  in  equation  (26)  as 
follows : 

970  X  0.364  X  0.956  =  zz^  pounds. 
The  radial  load  is  divided  between  the  two  differential  bearings 
in  the  inverse  proportion  of  their  distances  from  the  centre  plane 
of  the  bevel  gear.  Owing  to  the  fact  that  these  bearings  must 
have  a  relatively  large  bore  in  comparison  with  the  load  they 
have  to  carry,  bearings  of  the  medium  series  are  usually  chosen 
if  radial  ball  bearings  are  to  be  used.  The.  most  heavily  loaded 
of  these  bearings  usually  has  a  rated  load  capacity  50  to  100 
per  cent  greater  than  the  maximum  load  coming  on  it  when  the 
car  is  driven  on  the  direct  drive.  In  many  cases  the  bevel  gear 
is  much  closer  to  one  bearing  than  to  the  other,  and  the  load  on 
one  bearing  therefore  is  much  greater  than  that  on  the  other. 
However,  notwithstanding  this  fact,  bearings  of  the  same  size 
are  frequently  chosen,  for  the  sake  of  symmetry  and  minimum 
number  of  different  parts.  In  any  case,  the  bore  of  one  bearing 
could  hardly  be  made  smaller,  and  all  that  could  be  done  would 
be  to  choose  a  bearing  of  the  light  series. 

End  Adjustment — With  the  highest  class  of  workmanship 
it  is  unnecessary  to  provide  means  for  longitudinal  adjustment 
of  the  bearings.  However,  since  measurements  have  to  be  taken 
from  the  pitch  lines  of  the  gears,  which  involves  considerable 
diflSculty,  some  provision  is  usually  made  to  allow  of  adjusting 
the  mesh  of  the  gears.  The  simplest  means  consists  in  placing 
a  washer  back  of  the  thrust  bearing  and  another  washer  on  the 
opposite  side  of  the  differential  housing,  between  the  end  of  its 
hub  and  a  shoulder  on  the  inside  of  the  driving  gear  housing,  and 
changing  the  thickness  of  these  washers  until  the  gears  mesh 
properly.    Quite  a  number  of  designers,  however,  provide  screw 
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adjustment  of  the  bearings.  Such  a  means  of  adjustment  is  illus- 
trated in  Fig.  153.  The  radial  bearing  is  mounted  in  a  bushing 
which  is  carried  in  the  bearing  support  forming  part  of  the  driv- 
ing gear  housing.  One  end  of  this  bushing  is  made  somewhat 
larger  in  diameter  than  the  other  end, 
and  is  threaded  on  the  outside,  the 
threaded  portion  screwing  into  corre- 
sponding internal  threads  on  the  bear- 
ing support.  The  outer  end  of  the 
bearing  bushing  has  an  internal  flange 
against  which  the  outer  plate  of  the 
thrust  bearing  rests,  and  by  screwing 

f— — -H  |||||||  the    bearing   bushing   farther   into   or 

I  out  of  the  support  the  thrust  bearing 

can  be  moved  back  and  forth  in  the 
I  nil  direction  of  its  axis.     A  lock  nut  is 

provided  for  locking  the  bearing  bush- 
ing when  the  adjustment  has  been 
made.  It  may  be  pointed  out  that 
when  a  pair  of  bevel  gears  has  once 
been  properly  adjusted  there  should 
never  be  occasion  for  readjusting  it, 
since  wear  of  the  teeth  cannot  be  com- 
pensated for  by  adjustment. 
The  problem  of  endwise  adjustment  is  very  readily  solved  with 
conical  roller  or  cup  and  cone  bearings.  As  shown  in  Fig.  154, 
all  that  is  necessary  is  to  lodge  the  outer  race  or  ring  of  the 
bearing  in  a  suitable  recess  in  the  driving  gear  housing  and 
mount  the  inner  race  or  ring  on  the  end  of  the  differential  gear 
housing  hub,  making  the  inner  portion  of  this  hub  of  somewhat 
larger  diameter  and  threading  it,  and  passing  a  nut  over  this 
threaded  portion.  This  is  done  at  both  ends  of  the  differiential 
gear,  and  by  means  of  the  two  nuts  the  differential  can  be  moved 
in  either  direction  at  will.  The  nuts  may  be  split  and  provided 
with  a  clamp- screw,  or  they  may  be  provided  with  any  other 
suitable  locking  device. 

Wheel  Bearings— The  wheel  bearings  support  the  loads  car- 
ried by  the  wheels  and  also  take  the  load  due  to  the  propelling 
and  braking  efforts.  We  found  that  the  limiting  value  of  the 
braking  efiFort  is  0.6  times  the  weight  resting  on  the  wheel,  and 
the  limiting  value  of  the  driving  effort  the  same.  Since  driving 
and  braking  efforts  act  at  right  angles  to  the  weight,  the  resultant 


Fig.     153.— Screw     Ad- 
justment OF  Bevel  Gear. 
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of  the  two  simultaneous  loads  is  equal  to  the  square  root  of 
the  sum  of  the  squares,  viz.: 


^/^t/*  +  (0.6  zf)*  =  1. 17  If, 

However,  this  is  an  entirely  different  load  from  that  on  the 
differential  bearings,  for  instance.  The  actual  load,  owing  to  the 
unevenness  of  the  road  surface,  changes  from  instant  to  instant, 
and  at  times  greatly  exceeds  the  so-called  "dead"  load.  The 
maximum  load  to  which  the  bearings  are  ever  subjected  depends 
upon  the  weight  carried,  the  size  of  the  wheels,  the  width  of 
the  tires  and  the  state  of  their  inflation,  the  flexibility  of  the 
springs,  the  nature  of  the  road  surface,  the  speed  of  the  car,  etc. 
The  only  factor  that  can  be  taken  account  of  in  selecting  the 
bearings  is  the  load  carried  by  each  wheel.  The  bearings  should 
have  a  rated  load  capacity  from  50  to  100  per  cent  higher  than 
the  maximum  load  they  will  have  to  carry,  provided  the  rated 
capacity  represents  ability  to  carry  uniform  loads. 

In  the  case  of  semi-floating  and  three-quarter  floating  axles,  the 
entire  load  on  each  wheel  is  carried  on  a  single  bearing,  whereas 


Fig.  154. — Endwise  Adjustment  of  Differential  Mounted  in 
Roller  Bearings. 
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in  the  case  of  full  floating  axles  it  is  carried  on  two  bearings. 
When  two  bearings  are  used  the  ideal  arrangement  in  some  re- 
spects would  be  to  place  them  symmetrically  on  opposite  sides  of 
the  centre  plane  of  the  wheel,  in  which  case  both  would  carry 
an  equal  load,  and  both  could  be  made  of  the  same  size.  How- 
ever, since  the  brake  and  brake  support  must  be  very  close  to  the 
spokes  of  the  wheel,  the  inner  bearing  generally  has  to  be  placed 
rather  close  to  the  centre  plane  of  the  wheel.  In  fact,  in  many 
designs  the  arrangement  is  such  that  the  inner  bearing  supports 
nearly  the  whole  load,  and  the  outer  bearing  serves  only  as  a 
"steadying"  bearing. 


Fig.  155.— Driving  Wheel  Hub  Mounted  on  Two  Radial  Ball 
Bearings. 

The  driving  effort  is  always  parallel  to  the  planes  of  the  rear 
wheels,  and  any  thrust  load  on  the  rear  wheel  bearings,  is  the 
result  of  sideward  inclination  of  the  road  surface,  centrifugal 
force  or  impact  due  to  skidding.  For  this  reason  it  is  not  essen- 
tial to  provide  thrust  bearings  in  the  hubs,  even  when  radial  ball 
bearings  are  used. 

Mounting  of  Wheel  Bearings— When  two  radial  ball  bear- 
ings are  used  in  the  wheel  hubs  of  a  full  floating  axle,  the  inner 
races  of  both  are  securely  clamped  to  the  axle  tube,  a  projection 
of  the  brake  support  hub  or  a  collar  forced  over  the  axle  tube 
against  the  shoulder  thereof  serving  as  a  stop;  a  tubular  spacer 
is  inserted  between  the  two  inner  races,  and  a  nut  is  screwed 
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Fig.  156.— Driving  Wheel  Hub  on  Single  Ball  Bearing. 
(Three-Quarter  Floating). 


Fig.  157.— Driving  Wheel  Hub  on  Hyatt  Roller  Bearing. 
(Three-quarter  Floating). 
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over  the  end  of  the  tube,  as  shown  in  Fig.  155.  The  outer  race 
of  only  the  inner,  larger  bearing  is  clamped  tight  in  the  hub,  so 
this  beanng  will  take  the  end  thrust  in  both  directions. 

In  the  so-called  three-quarter  floating  type  of  axle  only  a 
single  bearing  is  used  inside  the  wheel  hub,  as  shown  in  Fig.  156. 
This  bearing  must  be  located  in  the  centre  plane  of  the  wheel,  and 
both  of  its  races  must  be  secured  against  endwise  motion,  so  it 
will  take  both  radial  and  thrust  loads.  The  driving  dog  in  this 
design  of  axle  is  either  welded  to  the  axle  shaft  or  else  rigidly 
secured  to  it,  and  is  also  firmly  secured  to  the  wheel  hub.  The 
single  hub  bearing  may  be  either  a  radial  ball  bearing,  a  combined 
radial  and  thrust  ball  bearing  (Two-in-One),  as  shown  in  Fig. 
156,  or  a  cylindrical  roller  bearing,  as  shown  in  Fig.  157.  The 
latter  bearing,  of  course,  does  not  take  any  end  thrust,  and  in 
this  design  provisions  are  made  for  transmitting  the  end  thrust 
through  the  axle  shafts  to  the  thrust  bearings  at  the  sides  of  the 
differential  housing. 

A  similar  arrangement  was  suggested  by  F.  G.  Barrett  in  his 
paper  on  Ball  Bearings,  read  before  the  Institution  of  Automo- 
bile Engineers.  Mr.  Barrett's  suggested  design  is  shown  in  Fig. 
158.  A  double  ball  thrust  bearing  is  mounted  to  one  side  of  the 
differential  gear.  The  outer  races  of  the  two  radial  bearings  in 
the  wheel  hub  are  clamped  tight,  but  the  inner  races  are  made  a 
free  fit  on  the  axle  tube  so  these  bearings  will  not  take  any  end 
thrust  The  end  thrust  is  transmitted  through  the  wheel  hub, 
the  axle  shaft,  the  master  gear  of  the  differential,  the  differential 
spider,  the  other  master  gear  and  the  differential  housing  to  the 
double  ball  thrust  bearing,  which  latter  is  firmly  supported  by 
the  axle  housing.  The  practice  of  using  two  ball  thrust  bearings 
at  the  differential  is  quite  prevalent  in  Europe,  but  usually  one 
thrust  bearing  is  placed  on  either  side  of  the  differential,  whereas 
Mr.  Barrett  places  both  on  the  same  side. 

Lubrication — ^The  rear  axle  housing  is  generally  filled  with 
non-fluid  oil,  and  in  order  to  prevent  this  from  working  through 
the  bearings  into  the  axle  tubes,  packings  are  generally  provided 
at  the  inner  ends  of  the  tubes,  as  illustrated  in  Figs.  146  and  147. 
It  is  a  good  idea  to  provide  a  plugged  hole  for  replenishing  the 
grease,  in  the  cover  plate  or  near  the  top  of  the  casing,  so  as 
to  make  it  unnecessary  to  remove  the  entire  cover  plate  for  this 
purpose,  and  a  drain  plug  should  be  provided  at  the  lowest  point 
of  the  casing,  so  all  lubricant  and  dirt  may  be  conveniently 
washed  out  with  gasoline  or  kerosene.  In  Europe  the  cases  are 
often  provided  with  large  filling  spouts. 
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Truss  Rod — Probably  more  than  90  per  cent,  of  all  live  axle 
designs  have  an  under-running  truss  to  relieve  the  axle  housing 
of  the  vertical  bending  moment.  The  middle  of  the  truss  is  gen- 
erally retained  between  projections  at  the  bottom  of  the  gear 
case,  and  the  ends  are  secured  to  fittings  fastened  to  the  axle 
housing  between  the  spring  supports  and  the  end,  these  anchor- 
ages being  generally  integral  with  the  brake  support  The  truss 
may  be  tightened  by  means  of  nuts  on  both  ends  outside  the 
brake  support,  or  by  means  of  a  tumbuckle,  as  shown  in  Fig.  159, 
in  which  latter  case  the  ends  of  the  rod  are  hinged  to  the  axle 
tube.  The  threaded  ends  of  the  rods  should  preferably  be  upset 
so  the  thread  will  not  reduce  the  strength  of  the  rod. 

The  downward  bending  moment  due  to  the  weight  on  the 
springs  at  any  point  between  the  spring  seats  is  w  I,  where  w 
is  the  weight  on  one  spring  seat  and  /  the  distance  between  the 


Fig.  159.— Rear  Axle  Truss. 

centre  plane  of  the  wheel  and  the  centre  of  the  spring  seat  The 
truss  produces  an  upward  bending  moment  which  is  a  maximum 
at  the  middle  of  the  axle  and  decreases  uniformly  toward  the 
truss  anchorages.  Its  bending  moment  diagram  therefore  is  a 
triangle,  whereas  the  diagram  of  the  bending  moment  due  to  the 
load  on  the  springs  is  a  trapezoid.  Consequently,  the  two  bend- 
ing moments  cannot  entirely  neutralize  each  other,  except  at 
certain  points. 

Let  T  be  the  tension  in  the  truss  rod.  Then  the  vertical  com- 
ponent of  this  force,  which  presses  upward  on  the  driving  gear 
housing  is  T  sin  0,  and  the  bending  moment  at  the  middle  of  the 
axle  housing  due  to  this  upward  pressure  is  T  V  sin  0,  where  F 
is  the  horizontal  distance  from  the  centre  of  the  axle  to  the  truss 
anchorage.  Since  the  angle  0  is  in  every  case  small,  it  is 
permissible  to  substitute  for  sin  0 

h 
£anB  =  -p  * 

which  makes  the  upward  bending  moment  T  h.  The  permis- 
sible tension  T  in  the  rod,  of  course,  is  proportional  to  the 
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cross  sectional  area  of  the  rod  or  to  the  square  of  its  diame- 
ter d,  hence  the  moment  is  proportional  to  (^  h.  The  upward 
bending  moment  due  to  the  truss  should  be  proportional  to 
the  downward  bending  moment  wl  due  to  the  weight  on  the 
springs.    Hence  we  may  write 

and 


"Vt 


h 
The  data  at  hand  shows  that  m  average  modern  practice 

d=J    "^^     (51) 

The  actual  tension  in  the  truss  rods,  of  course,  depends  upon 
how  tightly  they  are  drawn  up,  and  the  load  that  must  be 
carried  by  the  truss  in  any  particular  design  depends  upon 
the  rigidity  of  the  axle  housing  itself.  A  large  part  of  the 
load  on  the  truss  results  from  the  shocks  on  the  unsprung 
weight  at  the  middle  of  the  axle,  and  if  this  weight  is  unusu- 
ally great,  as  in  the  case  of  a  transmission  axle,  for  instance, 
the  truss  may  be  made  somewhat  heavier  than  given  by  the 
formula. 

Rear  Axle  Torsion  and  Thrust— The  reaction  between  the 
teeth  of  the  bevel  gear  and  pinion  causes  a  pressure  on  the 
bearing  of  the  bevel  pinion  shaft,  and  this  pressure  tends  to 
canse  the  axle  housing  to  rotate  around  the  axle.  As  in  all 
similar  cases,  action  and  reaction  are  equal  and  opposite, 
and  the  axle  housing  tends  to  turn  "backward"  with  the  same 
torque  as  is  impressed  upon  the  axle  shafts  in  the  "forward" 
direction.  Therefore,  it  is  obvious  that  the  torsional  effect 
on  the  axle  housing  may,  under  certain  conditions,  as  in  driv- 
ing on  the  low  gear  under  full  engine  power,  assume  very 
high  values,  and  means  must  be  provided  to  prevent  the  hous- 
ing from  yielding  to  this  torque.  In  a  few  relatively  light 
cars  the  body  springs  are  depended  upon  to  keep  the  axle 
housing  in  position  against  the  torsional  reaction.  In  cars 
fitted  with  a  single  universal  joint  in  the  propeller  shaft  the 
latter  is  often  surrounded  by  a  so-called  torque  tube,  whose 
forward  end  may  have  a  bearing  on  the  propeller  shaft  or 
be  suspended  from  a  cross  member  of  the  frame,  and  whose 
rear  end  is  rigidly  fitted  into  the  rear  axle  housing.  In  cars 
with  two  universal  joints  a  torque  arm  rigidly  secured  to  the 
rear  axle  housing  extends  forward  to  a  frame  cross  member 
to  which  it  is  linked  in  some  manner. 
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Besides  the  torsional  effect,  there  is  also  a  forward  thrust 
on  the  axle  housing.  All  of  the  propelling  effort  is  produced 
by  the  reaction  of  the  driving  wheels  on  the  ground,  whereas 
a  good  deal  of  the  resistance  to  motion  is  made  up  of  the 
road  resistance  encountered  by  the  front  wheels  and  the  air 
resistance  on  the"  body.  The  force  necessary  to  overcome 
these  latter  resistances  must  be  transmitted  from  the  rear 
axle  housing  to  the  body.  On  the  other  hand,  when  a  car 
is  to  be  stopped  quickly,  by  the  application  of  the  brakes, 
most  of  the  kinetic  energy  that  has  to  be  dissipated  is  stored 
up  in  the  parts  supported  by  the  vehicle  frame,  whereas  the 
braking  resistance  takes  effect  at  the  ground  contact  of  the 
rear  wheels.  Hence  there  is  a  .strong  retarding  pull  exerted 
by  the  rear  axle  housing  on  the  vehicle  frame,  which  in  the 
absence  of  special  members  is  transmitted  by  the  body 
springs.  However,  some  designers  provide  special  thrust  rods 
between  the  axle  housing  and  the  frame,  these  generally  ex- 
tending underneath  the  side  frame  members,  being  hinged  to 
both  connected  parts  so  as  to  allow  of  free  spring  action. 

In  addition  to  the  torsion  and  thrust  on  the  rear  axle 
housing,  due  to  the  transmission  of  power,  the  axle  is  sub- 
jected to  other  stresses,  which  are  the  result  of  impacts  be- 
tween the  driving  wheels  and  road  obstructions.  For  in- 
stance, if  one  of  the  driving  wheels  strikes  an  obstruction 
protruding  some  distance  above  the  road  surface,  the  shock 
tends  to  throw  the  axle  out  of  alignment  with  the  frame.  This 
is  provided  against  in  some  designs  by  diagonal  brace  rods 
running  from  the  forward  end  of  the  torque  tube  to  the 
outer  ends  of  the  axle  housing.  On  the  other  hand,  the  axle 
must  be  allowed  freedom  of  motion  in  a  vertical  plane  so  it 
may  follow  the  irregularities  of  the  road  surface  without 
straining  any  portion  of  the  running  gear. 

Torque  Tubes — ^The  maximum  bending  moment  on  the  torque 
tube  or  torque  rod  may  be  calculated  on  the  basis  of  the 
torque  necessary  to  slip  the  rear  wheels  on  a  road  surface  on 
which  rubber  tires  have  a  friction  coefficient  of  0.6.  For 
instance,  if  the  rear  axle  carries  a  maximum  load  of  2,000 
pounds  and  the  wheels  have  a  radius  of  16  inches,  then  the 
maximum  torque  is 

16  X  2,000  X  0.6  =  19,200  pounds-inches. 
Suppose  that  the  distance  from  the  axis  of  the  rear  axle  to 
the  point  of  support  of  the  torque  tube  is  40  inches,  then 
the  maximum  reaction  of  the  support  is 
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!2i522=46o  pounds, 
40 

The  bending  moment  at  any  point  along  the  tube  may  then 
be  found  by  multiplying  this  reaction  by  the  distance  of  the 
particular  point  considered,  from  the  point  of  support.  The 
most  important  point  in  this  connection  is  generally  where 
the  tube  enters  the  cast  fitting.  We  will  assume  this  distance 
to  be  24  inches.    Then  the  bending  moment  at  this  point  is 

24  X  480  =  1 1,520  pounds-inches. 
Owing  to  the  fact  that  the  torque  figured  on  is  not  the  normal 
working  torque  but  the  very  maximum  that  can  be  trans- 
mitted, only  a  small  factor  of  safety  need  be  figured  on.  With 
the  ordinary  carbon  steel  tubing  a  stress  of  25,000  pounds 
per  square  inch  can  be  allowed. 

The  maximum  forward  or  backward  thrust  of  the  rear  axle 
is  equal  to  the  adhesion  of  the  wheels  to  the  ground,  viz.: 

0.6  X  2,000  =  1,200  pounds. 
This,  too,  is  more  than  is  ever  attained  in  normal  operation; 
for,  assuming  the  car  with  load  to  weigh  3,200  pounds,  the 
propelling  effort  up  a  20  per  cent,  grade  at  low  speed  on  fair 
roads  is  only  about  720  pounds,  and  not  even  all  of  this  has 
to  be  transmitted  to  the  frame.  About  the  only  condition 
under  which  a  thrust  of  1,200  pounds  would  be  attained  is 
when  the  wheels  are  locked  by  the  brakes. 

Owing  to  the  fact  that  the  bending  moment  varies  from 
nothing  at  the  point  of  support  to  the  maximum  at  the  joint 
of  the  tube  to  the  driving  gear  housing,  it  is  customary  to 
reinforce  the  rear  end  of  the  tube  by  slipping  another  tube 
over  it  or  into  it.  The  forward  end  of  the  reinforcement 
should  be  tapered  down  to  a  sharp  edge  so  as  to  avoid  an 
abrupt  change  in  section  tending  to  localize  the  stresses,  and 
in  the  case  of  an  outside  reinforcement  also  for  the  sake  of 
appearance. 

Let  us  assume  that  in  our  example  we  use  a  propeller  shaft 
tube  of  2  inches  outside  diameter  and  one-eighth  inch  thickness 
of  wall.  At  25,000  pounds  per  square  inch  this  will  sustain 
a  bending  moment  of 

3.14(2*- If  ^)X  25,000 ^ 8^ „^  pounds-inches. 
32X2 
This  is  the  maximum  bending  moment  at  a  distance 

?ilL7  =  17  inches  (appr.) 
480 
from  the  support  and  the  remaining  length  of  the  tube,  there- 
fore, should  be  reinforced. 
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Torque  Tube  Supports— The  axle  tube  may  either  take  up 
Doth  the  torque  and  the  forward  thrust  on  the  rear  axle 
housing,  or  it  may  take  up  only  the  former,  and  the  method 
of  supporting  its  forward  end  varies  accordingly.  Fig.  l6o 
illustrates  a  construction  in  which  only  the  torque  is  taken 
up  by  the  tube,  the  forward  end  of  the  latter  riding  on  the 
propeller  shaft  through  the  intermediary  of  an  anti-friction 
bearing.  The  forward  end  of  the  propeller  shaft  is  supported 
by  the  universal  joint  which  is  secured  to  the  rear  end  of  the 
change  gear  primary  shaft.  A  disadvantage  of  this  construc- 
tion is  that  the  torque  reaction  has  to  be  taken  through  the 
universal  joint  bearings.  The  pressure  due  to  the  torque 
reaction  also  comes  on  the  rear  bearing  of  the  change  gear 
box,  but  this  is  not  an  unmitigated  evil,  since  the  torque  re- 
action is  directed  perpendicularly  upward,  whereas  the  gear 


^^^^ 


Fig.  i6o. — ^Torque  Tube  Riding  on  Propeller  Shafi. 

load  on  this  bearing  when  either  of  the  lower  gears  is  in 
operation  is  directed  almost  perpendicularly  downward,  hence 
the  torque  reaction  partly  neutralizes  the  gear  load.  Of 
course,  with  the  direct  drive  in  operation,  there  is  no  gear 
load  on  the  rear  bearing,  the  only  load  on  it  being  that  due 
to  the  torque  reaction,  and  since  this  is  always  far  below 
the  rated  capacity  of  the  bearing  there  is  no  serious  disad- 
vantage in  this.  As  a  matter  of  fact,  this  arrangement  is  giv- 
ing very  satisfactory  results,  although  it  is  used  mainly  on 
the  smaller  and  lower  priced  cars.  With  this  construction  the 
driving  and  braking  thrust  is  transmitted  through  the  body 
springs. 

A  second  method  of  supporting  the  forward  end  of  the 
torque  tube  is  by  means  of  a  fork  hinged  to  a  cross  member 
of  the  frame  or  to  the  change  gear  box,  as  shown  in  Fig.  i6i. 
In  order  that  the  rear  axle  may  be  able  to  move  freely  in  the 
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vertical  plane,  as  required  by  road  unevennesses,  the  fork 
must  swivel  on  the  front  end  of  the  torque  tube.  The  joints 
of  the  fork  and  the  abutting  surfaces  of  its  hub  should  be 
liberal  in  size  and  provided  with  means  for  lubrication.  The 
fork  is  usually  drop  forged,  and  its  arms  are  made  of  T- 
section.  The  axis  of  the  hinged  joint  should  coincide  with 
the  axis  of  the  universal  joint  so  that  the  propeller  shaft  will 
always  be  concentric  with  the  torque  tube. 

A  third  method  of  supporting  the  forward  end  of  the  torque 
tube  is  by  means  of  a  spherical  joint  which  generally  also  forms 


Fig.  i6i. — Forked  Support  of  Torque  Tube. 

a  protecting  housing  for  the  universal  joint  in  the  propeller  shaft 
As  shown  in  Fig.  162,  an  acorn-shaped  housing  is  bolted  to  the 
rear  of  the  change  gear  case  and  also  to  a  cross-member  of  the 
frame  which  is  of  special  shape,  with  a  hole  at  the  centre  for  the 
propeller  shaft  and  torque  tube  to  pass  through.  The  rear  end  of 
this  housing  is  turned  off  spherically  to  form  a  seat  for  a  spherical 
flange  formed  on  the  forward  end  of  a  sleeve  secured  to  the 
forward  end  of  the  torque  tube.  A  ring  with  a  spherical  bearing 
surface  is  bolted  to  the  frame  cross-member  in  such  a  manner  that 
the  spherical  portion  secured  to  the  torque  tube  works  freely  be- 
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tween  the  two  parts  with  spherical  surfaces  secured  to  the  frame. 
A  leather  boot  or  a  packing  ring  has  to  be  provided  to  protect  the 
outer  working  surface  from  dust  and  grit.  The  universal  joint 
is  located  centrally  within  the  spherical  joint  and  the  forward 
end  of  the  propeller  shaft  is  generally  supported  in  a  ball  bearing, 
though  some  axles  have  recently  been  designed  which  do  away 
with  this  forward  bearing,  relying  on  the  universal  joint  for 
"stead)ring"  the  forward  end  of  the  shaft    This  type  of  connec- 


FiG.  162.— Spherical  Support  of  Torque  Tube. 


tion  between  the  frame  and  the  rear  axle  takes  up  frame  thrust 
in  both  directions  (driving  and  braking)  as  well  as  torsion,  and 
makes  for  a  very  substantial  construction. 

Effect  of  Spring  Play  on  Drive— In  Fig.  163  is  shown  a 
shaft  and  bevel  gear  drive  with  a  single  universal  joint  and 
a  torque  tube  surrounding  the  propeller  shaft.  The  forward 
end  of  the  propeller  shaft  is  shown  in  its  highest  position, 
22  inches  above  the  ground.  In  Fig.  164  the  same  drive  is 
shown  with  the  forward  end  of  the  propeller  shaft  in  its  low- 
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est  position,  i6  inches  above  the  ground.  A  relative  change 
in  position  of  axle  and  frame  occurs  very  suddenly  when  the 
rear  wheels  strike  a  waterbar,  for  instance.  As  the  springs 
compress  the  forward  end  of  the  propeller  shaft  drops  sub- 
stantially in  an  arc  of  a  circle,  and  this  angular  motion  of 
the  propeller  shaft  around  the  rear  axle  axis  entails  a  corre- 
sponding rotary  motion  of  either  the  bevel  gear  or  the  bevel 
pinion.  That  is,  the  bevel  gear,  and  consequently  the  pair  of 
road  wheels,  will  move  around  their  common  axis  through 
an  angle  equal  to  that  described  by  the  propeller  shaft  or 
the  bevel  pinion,  or  the  engine  crankshaft  will  turn  around 
its  axis  through  an   angle  equal   to  the  product  of  the  angle 


Fig.  163. 

described  by  the  propeller  shaft  by  the  ratio  of  the  num- 
ber of  bevel  gear  teeth  to  the  number  of  bevel  pinion 
teeth.  In  the  illustration  the  horizontal  distance  between  the 
axle  centre  and  the  forward  end  of  the  propeller  shaft  is 
28  inches.  With  the  springs  compressed  the  propeller  shaft 
occupies  a  horizontal  position,  while  with  the  springs  ex- 
tended it  makes  an  angle  with  the  horizontal  whose  sine  is 

22  — 16 
-^g- =0.214, 

viz.,  about  i2j/4  degrees.  With  a  bevel  gear  ratio  of  3:1,  this 
corresponds  to  an  angular  motion  of  3754  degrees  of  the 
bevel   pinion.     Therefore,   in   the   design   shown   in   Figs.    163 
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and  164,  if  the  frame  suddenly  drops  6  inches,  relatively  to 
the  axle,  either  the  road  wheels  will  have  to  accelerate  so  as 
to  move  through  an  extra  angular  distance  of  12^  degrees 
during  the  short  space  of  time  that  the  compression  of  the 
springs  takes  place,  or  else  the  engine  has  to  slow  up  so  its 
crankshaft  will  turn  through  37;^  degrees  less  than  normally 
during  this  period.  Both  changes  in  motion  are  opposed  by 
the  inertias  of  the  respective  moving  parts,  and  in  reality 
the  car  will  be  slightly  accelerated  and  the  engine  retarded 
by  the  compression  of  the  springs.  Preferably  the  play  of 
the  springs  should  have  absolutely  no  effect  on  the  motion 


Fig.  164. 

of  the  car  and  the  engine,  for  then  the  springs  would  act  most 
freely  and  the  transmission  parts  would  not  be  subject  to 
shocks  due  to  this  cause. 

In  Figs.  163  and  164  the  propeller  shaft  is  unusually  short, 
which  exaggerates  the  influence  of  spring  play  on  the  uni- 
formity of  transmission.  The  designer's  aim  always  should 
be  to  make  the  propeller  shaft  as  long  as  possible,  especially 
if  only  a  single  universal  is  used.  If  the  shaft  is  twice  as 
long  as  shown  in  the  cuts — which  is  not  uncommon — the 
speed  fluctuations  will  be  almost  halved. 

When  two  universal  joints  are  used  a  torque  rod  is  usually 
employed  instead  of  a  torque  tube  concentric  with  the  pro- 
peller shaft.    By  supporting  the  front  end  of  the  torque  rod 
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between  springs  from  the  frame  cross  member,  the  shock  on 
the  transmission  members  due  to  a  sudden  drop  of  the  frame 
is  lessened.  The  reason  why  this  is  so  is  immediately  ap- 
parent, because,  on  account  of  the  spring  suspension  of  the 
torque  rod,  the  forward  end  of  the  latter  need  not  drop  as 
much  as  the  frame. 

The  condition  insuring  that  there  shall  be  no  effect  on  the 
uniformity  of  the  drive  is  that  the  angle  of  the  pinion  axis 
with  the  ground  plane  remain  constant.  This  end  can  be 
attained  very  nearly  by  connecting  the  axle  housing  to  the 
frame  by  means  of  a  pair  of  parallel  links,  as  shown  in  Fig. 
165.    If  the  two  links  are  of  absolutely  the  same  length  and 


Fig.  165. 

the  front  and  rear  points  of  linkage  are  the  same  distance 
apart,  then  the  angle  made  by  the  axis  of  the  bevel  pinion 
with  the  plane  of  the  frame  will  remain  absolutely  constant. 
However,  this  does  not  quite  meet  the  above  mentioned  re- 
quirement that  the  pinion  axis  has  to  remain  at  the  same 
angle  with  the  ground  plane,  since  if  only  the  rear  springs 
compress  the  angle  of  the  frame  plane  with  the  ground  plane 
changes.  For  instance,  suppose  that  when  the  springs  are 
extended  both  the  frame  and  the  pinion  axis  are  absolutely 
horizontal.  Then  when  the  rear  springs  are  compressed  the 
frame  will  slant  toward  the  rear  and  so  will  the  pinion  axis. 
Since  the  pinion  axis  always  intersects  the  rear  axle  axis  it 
means    that    the   pinion    has    moved    slightly    upward,    thus 


Digitized  by 


Google 


256  BEVEL  GEAR  DRIVE  AND  REAR  AXLE. 

causing  a  slight  retardation  in  the  speed  of  the  car  or  an 
acceleration  in  the  speed  of  the  motor.  This  effect  is  really  so 
slight  as  to  be  negligible,  but  it  can  be  entirely  eliminated  by 
making  the  upper  rod  longer  or  placing  the  rear  pivots 
farther  apart  than  the  front  pivots.  This  linkage  is  used  by 
Deasy  and  Lanchester  in  England,  among  others. 

Some  experiments  by  means  of  models  on  the  effect  of 
spring  play  on  bevel  gear  drives  were  made  several  years 
ago  by  S.  Gerster,  of  Courbevoie,  France,  and  were  reported 
in  The  Horseless  Age  of  December  15,  1909.  The  experi- 
mental apparatus  consisted  of  the  rear  portion  of  a  vehicle 
frame,  a  set  of  rear  springs,  an  axle,  a  pair  of  wheels  and 
the  bevel  gear  drive.  The  rear  wheels  were  fixed  to  a  wooden 
base,  and  double  cords  were  attached  to  the  frame  at  three 
points,  these  cords  passing  through  holes  in  a  wooden  base 
and  over  pulleys  on  the  under  side  of  the  base,  and  were 
connected  to  a  single  pull  rod  underneath,  by  pulling  on  which 
the  frame  could  be  lowered  relatively  to  the  base  a  distance 
of  6  inches.  On  a  cross-member  of  the  frame  was  mounted 
a  dial,  and  to  the  forward  end  of  the  propeller  shaft  directly 
in  front  of  this  dial  was  secured  a  pointer,  which  latter  moved 
over  a  scale  on  the  dial  graduated  in  degrees.  Mr.  Gerster 
constructed  models  of  this  description  with  all  of  the  differ- 
ent types  of  axle  linkage  in  common  use.  The  length  of  the 
propeller  shaft  was  the  same  in  every  case.  When  the  frame 
was  depressed  6  inches  by  pulling  on  the  cords  the  pointer 
would  move  the  following  angular  distances  over  the  dial 
with  different  linkages:  Degrees. 

Torque  tube  hinged  to  cross  member  of  frame 54 

Triangular  torque  tube  spring  supported  from  frame  and  radius  rods 

at  the  sides 31 

Only  connection  through  three-quarter  elliptic  springs 5 

Parallel  links;  top  one  somewhat  shorter  than  lower  ones — less  than..       i 

Torque  Rods — In  American  practice  three  general  designs  of 
torque  rods  are  met  with,  viz.,  rods  of  round  section,  either 
solid  or  hollow,  which  are  fitted  into  a  socket  formed  in- 
tegral with  the  driving  gear  housing,  as  shown  at  A,  Fig.  166; 
pressed  steel  rods  of  channel  section,  as  shown  at  B,  or  tri- 
angular rods,  as  shown  at  C.  There  are  also  some  examples 
of  malleable  iron  torque  rods  of  I  section,  pressed  steel  torque 
rods  of  I  section  made  by  riveting  two  channels  together 
back  to  back,  and  wooden  torque  bars. 

A  tubular  torque  rod,  of  course,  is  preferable  to  a  solid 
round  one,  since  for  equal  strength  it  is  lighter.    The  reason 
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that  solid  rods  are,  nevertheless,  used  to  quite  an  extent  is 
undoubtedly  that  it  is  much  easier  to  taper  the  solid  rod  so 
the  strength  of  the  section  at  every  point  is  proportional  to 
the  stress  at  that  point.  Tabular  rods  can  be  tapered  only 
with  difficulty,  and  the  common  plan  is  to  use  tubes  of 
uniform  diameter  and  insert  one  or  two  reinforcing  tubes 
from  the  rear  end.  The  forward  ends  of  these  reinforcing 
tubes  should  either  be  tapered  out  or  else  cut  off  at  an 
angle  so  as  to  avoid  a  sudden  change  in  the  strength  of  the 
section. 


Fig.   166.— Types  of  Torque  Rods. 


Pressed  steel  and  triangular  torque  rods  are  frequently 
connected  to  the  driving  axle  housing  by  means  of  a  vertical 
hinge  joint,  as  shown  at  B,  Fig.  166.  This  obviates  undue 
strains  on  the  casing  and  torque  rods  in  the  case  of  severe 
lateral  shocks  on  the  rear  system,  as  in  striking  a  curb  in 
skidding.  It  will  be  seen  that  in  the  construction  shown  at 
B  a  drop  forged  or  cast  fork  is  riveted  to  the  pressed  steel 
member  for  making  the  joint  to  the  driving  gear  housing. 
In  other  constructions  the  housing  is   formed  with  a  flat  to 


Digitized  by 


Google 


258 


BEVEL  GEAR  DRIVE  AND  REAR  AXLE. 


which  the  pressed  steel  member  is  bolted  directly.  In  the 
case  of  pressed  steel  members  some  of  the  material  of  the 
web  of  the  channel  is  generally  removed,  as  shown  in  Fig.  166, 
thus  eliminating  weight  with6ut  materially  reducing  the 
strength,  since  the  material  near  the  neutral  axis  is  under 
little  strain. 

The  advantage  of  the  triangular  torque  rod  is  that  its  mem- 
bers work  under  tension  and  compression  instead  of  under 
bending   stresses.     The    individual   members    are    generally 


Fig.  167.  Fig.   168. 

Spring  Cushion  Support  for  Forward  Ends  of  Torque  Rods. 

tubular.  Often  they  are  secured  to  the  driving  gear  housing 
by  two  of  the  bolts  holding  the  halves  of  the  housing  to- 
gether, though  occasionally  they  are  secured  thereto  by  spe- 
cial bolts,  as  shown  in  Fig.  166. 

Two  common  methods  of  supporting  the  forward  end  of 
the  torque  rod  from  the  frame  are  illustrated  in  Figs.  167 
and  168,  respectively.  From  a  bracket  riveted  to  a  frame 
cross-member  depends  a  freely  swiveled  cylindrical  spring 
housing  containing  two  coiled  springs  between  which  the 
forward  end  of  the  torque  rod  is  cushioned.  The  end  of  the 
rod  is  made  either  in  the  form  of  an  eye,  as  in  Fig.  167,  or 
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in  the  form  of  a  ball,  as  in  Fig.  i68,  in  which  latter  case  it 
is  held  between  two  spring  plates  with  part  spherical  de- 
pressions. 

The  simplest  construction  consists  in  a  simple  link  con- 
nection between  the  frame  bracket  and  the  torque  rod,  as 
shown  in  Fig.  169.  This,  of  course,  does  not  afford  the 
cushioning  effect  that  the  spring  support  does.  In  order 
to  obtain  some  of  this  cushioning  effect  without  the  use  of 
springs,  some  foreign  manufacturers  of  motor  trucks  use 
wooden  torque  bars. 


Fig.  169. — Link  Support  of  Torque  Rod. 

The  stresses  in  torque  rods  and  the  sections  required  are 
calculated  the  same  as  in  the  case  of  torque  tubes. 

Diagonal  Brace  Rods— The  tendency  of  the  rear  axle  to  be 
thrown  out  of  alignment  with  the  frame  when  one  of  the 
driving  wheels  strikes  a  road  obstruction  has  already  been 
referred  to.  Some  designs  of  axle  housing,  as,  for  instance, 
the  Fiat  pressed  steel  housing,  are  amply  strong  to  withstand 
these  stresses,  but  others  require  radius  rods  to  be  fitted 
between  the  axle  housing  and  the  side  frames,  or  diagonal 
brace  rods  between  the  spring  seats  or  brake  supports  on 
the  axle  housing  and  the  forward  end  of  the  torque  tube.  A 
t3rpical   rear  axle  construction   with   diagonal  brace   rods  is 
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shown  in  Fig.  170.  The  braces  are  made  either  tubular  or 
$olid|  and  either  hinged  at  both  ends  or  at  the  rear  end  only, 
and  screwed  into  the  fitting  at  the  forward  end. 

The  spring  seats  and  brake  supports  also  are  integral  parts 
of  the  rear  axle,  but  they  will  be  discussed  under  the  headings 
of  springs  and  brakes,  respectively. 


Fig.  170.— Diagonal  Brace  Rods. 

Bevel  Gear  Efficiency— Some  tests  of  the  eflficiency  of  trans- 
mission in  bevel  gear  driven  rear  axles  were  made  several 
years  ago  by  the  H.  H.  Franklin  Mfg.  Co.,  Syracuse,  N.  Y., 
and  were  reported  by  G.  Everett  Quick  in  The  Horseless 
Age  of  February  12,  1908.  The  tests  were  conducted  in  sub- 
stantially the  same  manner  as  those  of  change  gears,  already 
referred  to,  except  that  two  absorption  dynamometers  were 
used,  one  connected  to  either  rear  axle  shaft,  and  the  differ- 
ential was  locked.  Fig.  171  gives  the  results  of  tests  of  a 
full  floating  axle.    The  bevel  gears  had  five  pitch  1454  degree 
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involute  teeth  and  gave  a  gear  ratio  of  15:52. .  They  were 
cut  from  3^  per  cent,  nickel  steel  blanks,  case  hardened,  the 
hardened  surfaces  of  the  teeth  being  polished  by  running  the 
gears  together  in  a  mixture  of  emery  and  oil.  The  length 
of  face  was  ij^  inches.  The  axle  had  been  run  for  about 
3,000  miles  previous  to  the  test.  It  will  be  seen  from  the 
diag^ram  that  the  maximum  efficiency  is  about  97  per  cent., 
and  the  efficiency  is  above  95  per  cent,  for  a  considerable 
range  in  horse  power  transmitted  and  speed  of  revolution. 
During  the  test  the  axle  gears  were  run  in  a  bath  of  graphite 
and  oil.  The  losses  shown  by  the  diagram  include  both  gear 
and  bearing  losses,  but  the  latter  are  very  small,  as  all  bear- 
ings were  Vadial  ball  or  ball  thrust  bearings.    A  semi-floating 


Morse  Power   Deliucred  to  Pinion 


Fig.  171.— Efficiency  of  Bevel  Geak  Driven,  Full  Floating 
Rear  Axle. 

axle  was  also  tested  and  showed  substantially  the  same 
maximum  efficiency,  but  a  slightly  higher  efficiency  at  small 
loads. 

Manufacture  of  Rear  Axles— The  designs  of  rear  axles  differ 
widely,  and  as  a  result  there  is  great  divergence  in  the 
methods  of  manufacture,  since  the  manufacturing  processes 
naturally  must  be  adapted  to  the  design.  For  this  reason  it 
is  not  possible  to  give  more  than  a  very  general  description 
of  rear  axle  manufacture  in  this  work. 

Among  the  most  important  parts  of  the  axle  are  the  bevel 
gear  and  its  pinion.  These  must  be  very  accurately  cut  in 
order  that  they  may  run  with  very  little  noise,  even  at  high 
car  speeds.  Besides,  the  cutting  of  bevel  gears  involves  much 
greater  difficulty  than  the  cutting  of  spur  gears.  The  stock- 
ing or  rough  cutting  can  be  done  by  means  of  a  formed 
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cutter  in  a  milling  machine  or  gear  cutter  of  similar  type,  as 
shown  in  Fig.  172,  but  the  finishing  should  preferably  be  done 
in  a  bevel  gear  planer,  as  this  insures  greater  accuracy.  The 
bevel  gears  must  also  be  case  hardened  or  oil  hardened,  and 
to  correct  the  defects  due  to  warping  when  the  gears  are 
quenched,  the  latter  are  often  run  together  in  a  special  fix- 
ture with  a  mixture  of  emery  and  oil.     Fig.   173  illustrates 


Fig.    T72.— Stocking   Bevel  Gears  in   Packard  Plant. 
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the  process  of  grinding  the  gears  in  the  plant  of  the  Timken- 
Detroit  Axle  Co.  by  means  of  a  machine  developed  in  the 
company's  own  shop. 

The  bevel  pinion  and  gear  are  mounted- on  spindles  at  right 
angles  to  each  other.  The  spindle  on  which  the  pinion  is  mounted 
is  driven  by  belt  from  a  countershaft  and  the  other  spindle 
through  a  pair  of  accurately  cut  bevel  gears  of  the  same  ratio  as 
the  pair  to  be  ground.    The  driving  bevel  gears  are  so  adjusted 


Fig.  173. — Grinding  Bevel  Gears. 
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as  to  run  without  back  lash,  and  are  enclosed  to  protect  them 
from  the  emery  powder  with  which  the  other  gears  are  ground  in. 
In  bevel  gear  drives  employing  two  universal  joints  in 
the  propeller  shaft;  the  bevel  pinion  and  its  shaft  are  fre- 
quently made  integral,  and  Fig.  174  illustrates  a  time  saving 
method  of  machining  up  such  blanks  in  a  Fay  lathe  made  by 
the  Jones  &  Lamson  Machine  Co.,  of  Springfield,  Vt.  Three 
cutting  tools  are  used,  of  which  one  is  carried  on  the  back 
rest,  and  all  of  the  machining  operations  are  performed  at 
one  setting. 


Fig.    174. — Turning   Up   Bevel    Pinion    Blank. 

As  a  rule,  there  are  a  great  many  machine  operations  to  be 
performed  on  the  driving  gear  housing,  such  as  boring  the 
holes  for  the  axle  tubes,  the  seats  for  bearings,  etc.  Fig. 
17s  illustrates  the  method  of  boring  the  gear  carrier  of  a 
Timken-Detroit  rear  axle.  In  this  part,  the  same  as  in  the 
halves  of  a  cast  driving  gear  housing,  there  are  a  number 
of  concentric  holes  to  be  bored,  and  a  turret  lathe  is  there- 
fore a  very  advantageous  tool.  In  order  to  get  the  bores  for 
the  axle  tube  and  for  the  propeller  shaft  housing  absolutely 
at  right  angles  with  each  other,  some  manufacturers  use  spe- 
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Fig.  175. — Boring  Gear  Carrier  in  Vertical  Turret  Lathe. 
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cial  three  spindle  t>oring  machines,  one  of  the  spindles  being 
at  right  angles  to  the  other  two.  The  greatest  accuracy  is  re- 
quired in  boring  the  seats  for  the  bearings. 
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CHAPTER  X. 


THE  WORM  DRIVE. 

Transmission  of  power  by  worm  and  worm  whtel  in  an  auto- 
mobile originated  in  England,  and  has  so  far  gained  considerable 
ground  only  in  that  country  where  it  is  used  for  both  pleasure 
and  commercial  vehicles.  More  than  a  score  of  British  manufac- 
turers of  pleasure  cars  fit  either  all  or  some  of  their  models  with 
worm  drives,  or  give  an  option  on  this  drive.  The  worm  drive 
has  also  secured  a  foothold  in  France,  as  well  as  in  this  country. 

Up  to  about  twenty  years  ago  the  worm  and  wheel  were  con- 
sidered merely  a  means  for  transmitting  motion,  as  distinguished 
from  a  means  for  transmitting  power.  As  is  to  be  expected, 
when  the  teeth  are  not  very  accurately  cut  and  when  they  run 
together  dry  or  without  lubrication,  the  efficiency  of  the  gear  is 
very  low  and  its  wear  is  rapid.  Worm  gearing  was  first  de- 
veloped for  commercial  power  transmission  purposes  in  connec- 
tion with  electric  motors.  These  were  the  first  high  speed  motors 
to  come  into  practical  use  and  high  reduction  ratios  were  required 
in  many  lines  of  application.  For  automobile  work  the  worm 
gear  was  first  taken  up  by  F.  W.  Lanchester  and  the  Dennis 
Brothers  of  England. 

Advantages  of  Worm  Drive— The  worm  drive  is  at  its 
greatest  advantage  when  a  high  ratio  of  reduction  is  desired. 
With  a  bevel  gear  or  chain  drive  it  is  difficult  to  secure  a  gear 
ratio  of  more  than  4  to  i,  if  road  wheels  of  the  usual  size  are 
to  be  used,  and  in  types  of  vehicles  requiring  a  higher  reduction 
ratio,  including  nearly  all  types  of  commercial  vehicles  except 
those  shod  with  pneumatic  tires,  it  is  a  question  of  using  either 
the  worm  drive  or  a  double  reduction  drive  by  bevel  gears  and 
chains.  The  worm  drive  then  has  the  advantage  as  regards 
simplicity  of  construction,  and  it  needs  only  to  be  as  reliable  and 
efficient  as  a  double  reduction  gear  to  hold  its  own  in  competition 
with  other  drives.  Among  other  advantages  of  the  worm  drive 
may  be  mentioned  its  absolutely  silent  operation  and  the  possi- 
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bility  of  providing  a  very  wide  range  of  gear  ratios  without 
change  in  the  distance  between  the  axes  of  worm  and  wheel 
or  in  adjacent  parts.  The  .worm  drive  gives  a  symmetrical  rear 
axle  which  is  comparatively  easy  to  assemble. 

Theory  of  Worm  Qearing— The  worm  gear  as  applied  to 
automobile  driving  is  really  a  helical  gear,  the  worm  being 
always  of  the  multiple  thread  type,  and  the  rules  regarding  helical 
gears  therefore  also  apply  to  the  worm  and  worm  gear.  In  a 
worm  and  worm  wheel  the  gear  reduction  is  equal  to  the  quotient 
of  the  number  of  teeth  in  the  worm  wheel  by  the  number  of 
threads  in  the  worm.  The  lead  of  the  worm  is  the  distance  in 
the  direction  of  the  worm  axis  corresponding  to  one  complete 
revolution  of  the  worm  thread.  The  angle  of  lead  is  the  angle 
made  by  the  worm  thread  at  the  pitch  line  with  a  plane  perpen- 
dicular to  the  worm  axis  (also  the  angle  made  by  a  worm  wheel 
tooth  with  the  worm  wheel  axis).  In  connection  with  helical 
gears  it  is  the  custom  to  speak  of  the  angle  of  spiral,  which  is 
the  angle  made  by  an  element  of  the  gear  tooth  with  the  gear 
axis,  and  in  case  the  two  axes  are  at  right  angles  to  each  other 
(as  in  a  worm  and  wheel)  the  angles  of  spiral  for  the  two 
gears  together  make  a  right  angle.  In  a  worm  gear  the  angle 
of  lead  corresponds  to  the  angle  of  spiral  for  the  worm  wheel, 
while  the  complement  of  the  angle  of  lead  corresponds  to  the 
angle  of  spiral  for  the  worm. 

Following  are  definitions  of  some  terms  used  in  connection 
with  worm  gearing: 

Circular  pitch Pitch  diameter  x  3. 1416 

(of  wheel)  No.  of  teeth 

Axial  pitch Lead 

(of  worm)  ~  No.  of  threads 
Circular  pitch  of  wheel  =  Axial  pitch  of  worm. 
Normal  circular  pitch  =  Circular  pitch  x  cos  of  angle  of  lead. 

In  calculating  worms  and  worm  wheels  the  following  equations 
may  be  used: 

Worm 

Pitch  diameter  =   No.  of  threads  x  normal  circular  pitch 

3.i4i6xsin  of  angle  of  lead. 
Lead  =  Pitch  diameter  x  3.1416  x  tan  of  angle  of  lead. 

Outside  diameter  =  pitch  diameter  +  ^^^^^  di^mltr^il  pitch 

Normal  circular  pitch  = 2d4l^ 

Normal  diametral  pitch. 
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Wheel 

Pitch  diameter  «  No.  of  teeth  x  normal  circular  pitch 
3.1416XCO8  of  angle  of  lead. 
Lead  =  Pitch  diameter  x  3. 1416 
tan  of  angle  of  lead. 

Throat   diameters  pitch   diameter  +    ^^^^  diametral  pitch. 

The  centre  distance  or  distance  between  the  axes  of  worm  and 
wheel  is  equal  to  one-half  the  sum  of  the  two  pitch  diameters. 
Worm  and  wheel  must  be  cut  both  either  with  right  hand  threads 
or  with  left  hand  threads.  In  an  automobile  drive  with  the 
engine  rotating  right-handedly  as  usual,  worm  and  wheel  must 
be  cut  with  right  hand  threads  when  the  worm  is  placed  on  top 
of  the  wheel,  and  with  left  hand  threads  when  the  worm  is  at 
the  bottom. 

If  we  cut  a  very  thin  section  from  the  middle  of  the  worm 
wheel  we  have  a  spur  gear.  If  we  cut  a  corresponding  section 
from  the  worm,  we  have  a  rack,  and  since  the  flanks  of  a  rack 
tooth  to  properly  mesh  with  an  involute  gear  must  be  a  straight 
line,  the  faces  of  the  worm  teeth  are  straight.  In  the  old  type 
of  worm  used  for  transmitting  motion,  usually  at  a  very  high 
ratio  of  reduction,  the  sides  of  the  teeth  were  made  parallel,  and 
most  of  the  formulae  for  worm  gear  efficiency,  thrust,  etc,  found 
in  text  books  are  based  on  square  faced  worm  teeth  and  are 
inaccurate  when  applied  to  inclined  teeth.  Parallel  faced  teeth 
cannot  be  used  on  multi-thread  worms  for  automobile  drives, 
as  the  worm  wheel  teeth  would  have  to  be  undercut  too  much. 
For  high  reduction  ratio  (say  over  10  to  i)  worms  the  usual  14^ 
degree  tooth  angle  may  be  used.  For  smaller  ratios  a  22}^  degree, 
and  for  the  very  smallest  (say  less  than  5  to  i)  a  30  degree 
pressure  angle  is  preferable. 

Theoretical  Efficiency— When  power  is  being  transmitted 
from  the  worm  to  the  wheel,  there  are  two  forces  at  work, 
namely,  the  surface  pressure  normal  to  the  plane  of  contact  and 
the  frictional  force  in  the  plane  of  contact.  If  the  material  of  the 
worm  and  wheel  were  absolutely  unyielding  there  would  be  only 
a  line  contact,  but  since  it  is  elastic  the  contacting  parts  com- 
press so  as  to  give  a  surface  contact. 

Referring  to  Fig.  176,  the  normal  pressure  P  on  the  tooth  sur- 
face can  be  resolved  into  two  components,  one,  P  cos  «,  perpen- 
dicular to  the  tooth  helix,  and  the  other,  P  sin  a,  parallel  thereto. 
The  former  component  is  transferred  to  Fig.  177  and  is  there 
again  resolved  into  two  components,  one,  P  cos  a  sin  O,  in  a 
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plane  perpendicular  to  the  worm  axis  and  the  other  parallel  to 
the  worm  axis.  For  the  present  we  are  concerned  only  with  the 
former,  which  is  one  of  the  two  items  making  up  the  tangential 
force  at  the  pitch  line  of  the  worm.  The  other  item  is  due  to  the 
frictional  force  P  f  {f  being  the  coefficient  of  friction).  This 
force  can  also  be  resolved  into  two  components,  viz.,  P  f  cos  6 
tangential  to  the  worm  pitch  circle,  and  P  f  sin  B  tangential  to 
the  wheel  pitch  circle.  Hence  the  total  tangential  force  on  the 
worm  pitch  line  is 

P  cos  o  sin  e  +  P  /  cos  0 

and  the  total  tangential  force  on  the  pitch  line  of  the  wheel  is 

P  cos  a  cos  e  —  P  /  sin  e. 

Multiplying  these  tangential  forces  by  corresponding  motions 

on  the  pitch  circles  of  the  worm  and  the  wheel  respectively,  gives 

the  input  and  output  corresponding  to  that  motion,  respectively, 


Fig.  176.— Composition  of  Normal  Tooth  Phessuke. 

and  the  ratio  of  the  latter  to  the  former  is  the  efficiency.  Sup- 
pose that  there  is  a  motion  x  in  the  direction  of  the  line  of  contact 
Then  the  component  of  this  motion  tangential  to  the  worm  pitch 
line  is  x  cos  O  and  the  component  in  the  direction  of  the  wheel 
pitch  line,  x  sin  O.    Hence  the  ratio  of  velocities  is 

wheel  pitch  line  velocity     ^  ^'°  ^  =tane 
worm  pitch  line  velocity  ~"  a:  cos  6 
and  if  the  worm  moves  a  unit  distance  the  wheel  moves  a  dis- 
tance equal  to  tan  6.    Therefore,  the  work  done  upon  the  worm 
while  a  point  in  its  pitch  line  moves  a  unit  distance  is 

P  cos  a  sin  O  +  P  /  cos  O 
and  the  work  done  upon  the  wheel  is 

(P  cos  a  cos  O  —  P  /  sin  O)  tan  O. 
The  efficiency  then  is 

^  _  (P  cos  tt  cos  O  — •  P  /•  sin  e )  tan  e 
Pcosasine  +  /'/cos  9 
Dividing  both  numerator  and  denominator  by  P  cos  O  tan  6,  we 
have 
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.(52) 


cos  a  4-/ cot© 

which  is  the  general  formula  for  worm  wheel  efficiency.  Fig.  178 
shows  how  the  efficiency  varies  with  tiic  lead  angle  for  two 
different  coefficients  of  friction,  viz.,  0.02  and  0.04. 


Fig.  177.--D1AGRAM  Showing  Tangential  Forces  on  Worm  and 
Wheel,  Respectively,  as  Well  as  Thrust  Loads  on  Shafts. 

Calculation  of  Load  Capacity— The  motion  along  the  line 
of  contact  during  one  revolution  of  the  worm  is 

Td 

cos  9 
and  the  travel  per  minute  Is 


T  d  n 
cos  e 


inches  or 


Tdn 
12  cos  9 
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where  n  is  the  number  of  revolutions  per  minute.  This  travel 
can  be  i,ooo  to  i|2oo  feet  per  minute  at  an  engine  piston  speed  of 
1,000  feet  per  minute.  Calling  the  length  of  stroke  /,  the  engine 
speed  corresponding  to  i,ooo  feet  per  minute  piston  speed  is 

/ 
and  substituting  this  value  of  n  in  the  foregoing  equation  we 
have  for  the  rubbing  speed 
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Any/e  0/  Lead  0/  Worm   in  Decrees 
Fig.  178. — Efficiency  Curves. 

If  this  is  to  be  1,000  feet  per  minute  then 

f^=x.ooo 
/cos  O 

and  the  necessary  pitch  diameter  can  be  found  from  the  equation 

d^^Js^ (53) 

ir 
As  regards  the  permissible  normal  tooth  pressure,  this  is 
limited  by  the  heating  rather  than  by  the  mechanical  strength  of 
the  teeth.  As  the  temperature  of  the  worm  and  wheel  and  of 
the  oil  bath  rises,  the  oil  becomes  thinner,  and  if  it  should  be- 
come too  thin  it  would  be  squeezed  out  from  between  the  teeth, 
and  cutting  would  ensue.  The  heating  effect,  of  course,  depends 
upon  the  friction  coefficient,  which  in  turn  is  dependent  upon 
the  smoothness  of  the  tooth  surfaces  and  upon  the  character- 
istics of  the  lubricant  employed.  The  frictional  loss  is  practically 
independent  of  the  area  of  contact  and  the  heat  produced  may 
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be  assumed  to  be  proportional  to  the  tooth  pressure.  The  ability 
of  the  worm  gear  to  dissipate  heat  may  be  considered  propor- 
tional to  the  tooth  surface  of  the  worm  wheel.  This  tooth  area 
varies  directly  as  the  circular  pitch,  as  the  number  of  teeth  and 
as  the  face  width,  which  latter  is  proportional  to  the  worm  pitch 
diameter, 

But  since  the  circular  pitch 

n 
we  may  write 

P-^  Dd. 
According  to  data  at  hand, 

P  =  60  to  80  D  d (54) 

the  small  value  being  used  in  low  powered  cars  where  there  are 
no  space  limitations  while  the  larger  coefficient  is  used  in  high 
powered  cars.  This  equation  can  be  used  to  check  up  the  de- 
sign with  respect  to  capacity. 

Qeneral  Proportions — ^The  length  of  the  worm  is  usually 
made  e^al  to  40  per  cent,  of  the  wheel  pitch  diameter  and  the 
included  angle  of  worm  contact  may  vary  between  60  and  90 
degrees,  but  usually  is  close  to  the  upper  limit.  Too  small  a 
number  of  teeth  in  the  wheel  is  objectionable,  since  the  teeth 
must  then  be  undercut,  whereby  their  strength  is  reduced.  With 
a  14^  degree  pressure  angle,  30  is  the  minimum  number  of  teeth 
to  be  used.  The  lead  angles  usually  employed  vary  between  30 
and  40  degrees.  This,  as  will  be  seen  from  Fig.  178^  is  within 
the  high  efficiency  range,  and  it  also  insures  reversibility  of  the 
drive,  that  is,  the  car  will  coast  freely  down  hill  and  can  be 
pushed  or  towed. 

Radial  and  Tlirust  Bearing  Loads— It  is  evident  that  all 
pressures  parallel  to  either  of  the  shafts  create  thrust  loads  on 
that  shaft,  whereas  all  pressures  in  a  plane  perpendicular  to  the 
axis  of  either  shaft  create  radial  loads  on  the  bearings  of  that 
shaft  In  Fig.  176  the  component  P  sin  a  lies  in  a  plane  per- 
pendicular to  the  worm  axis,  and  also  in  a  plane  perpendicular 
to  the  wheel  axis,  and  this  force  and  its  reaction  therefore  pro- 
duce radial  bearing  loads  on  the  two  shafts.  The  remaining 
component  of  the  tooth  pressure,  P  cos  a,  is  resolved  in  Fig.  177 
into  components  parallel  with  the  worm  axis  and  the  wheel  axis, 
respectively.  Of  course,  the  frictional  force  afso  has  an  effect 
upon  the  radial  and  thrust  bearing  loads.  The  resultant  force, 
P  cos  a  cos  0  —  P  f  sin  O,  parallel  to  the  worm  axis  constitutes 
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a  thrust  load  on  the  worm  shaft  bearings  and  a  radial  load  on  the 
wheel  shaft  bearings,  and  the  resultant  force  P  cos  a  sin  O  ■\-  P  f 
cos  B  constitutes  a  thrust  load  on  the  wheel  shaft  bearings  and 
a  radial  load  on  the  worm  shaft  bearings.  However,  the  two 
radial  bearing  loads  thus  found  must  be  combined  with  the 
component  P  sin  a  which  acts  at  right  angles  to  them.    Hence 

Thrust  load  on  worm  shaft : 
/t  =  P  (cos  a  cos  e  —  /  sin  6) (55) 

Thrust  load  on  wheel  shaft : 
Lt  =  P  (cos  o  sin  e  +  /  cos  O) (56) 

Radial  load  on  worm  shaft : 

.T  =  P  N/(sin  o)»  +  (  cos  a  sinO  +  /cos  6 )« (57) 

Radial  losTd  on  wheel  shaft: 
Lt  =  F N/(sina)»  -|-(co8ttco8  e— /sinO)* (58) 

Application  of  Formulae— We  may*now  illustrate  the  appli- 
cation of  the  foregoing  rules  by  an  example.  Suppose  that  a 
worm  drive  is  to  be  designed  for  a  3  ton  truck.  Let  the  truck 
be  equipped  with  a  four  cylinder  454x5  inch  motor  (torque  =  165 
pounds-feet).  Since  the  lead  of  the  worm  will  have  \p  be  in 
the  neighborhood  of  33  degrees,  we  have  for  an  approximation  of 
the  worm  pitch  diameter 

2  X  5  X  cos  33^         ^    .    , 

=  2.61  inches. 

314 

Let  us  suppose  that  the  reduction  ratio  is  to  be  about  7J4  to  i, 

then  we  can  make  the  worm  with  5  threads  and  the  wheel  with 

38  teeth.    Substituting  in  the  equation  for  the  pitch  diameter  of 

worm  we  have 

^•^'""  3.1416  X  sin  33^ 
from  which  we  find  the  normal  circular  pitch  to  be 
2.6iX3-i4i6Xo»545 

C  Pn^ '-    =0.894. 

It  so  happens  that  the  No.  3J4  diametral  pitch  corresponds  to  a 

circular  pitch  of  0.897.    This  is  quite  close  to  the  calculated  value 

and  we  will  adopt  this  pitch.    The  actual  worm  pitch  diameter 

then  will  be 

5X0-897  ^.71 

—     ^^      — -  =2.612  tnc/ies.l 
3.1416X0.545 

The  lead  of  the  worm  will  be 

2.612  X  3.1416  X  0.649  =  5-328  inches. 
The  pitch  diameter  of  the  wheel  will  be 
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38  X  0.897     _ 
3.1416X0.839  -"'9' 
and  the  lead  of  the  wheel 


inches 


=  62.52  incJies. 


12.91  X  3-1416 
o .  649 
The  worm  can  be  made 

04  X  12.91  =  5.16,  say  s%  inches  long. 
The  centre  distance  or  distance  between  axes  will  be 


2.61  +  12.91 


=  ^•y6  inches. 


Since  the  worm  pitch  diameter  is  2.61  inches  and  the  motor 
develops  a  torque  of  165  pounds-feet,  the  tangential  pressure  on 
the  worm  pitch  circle  is       ^  f 

£65X24  =  i^^iy  Pounds, 
'  2.61 
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Fig.  179.— Worm  With  5  Threads  and  ^z  Degrees  Lead  Angle. 

Lf  lead;  Oi  lead  angle;  p.,  axial  divided  pitch;  p^  normal  divided  pitch. 

Hence 

P  cos  a  sin  e  +  P  /  cos  0  =  1517, 
and  assuming  the  pressure  angle  of  the  teeth  to  be  20  degrees 
and  the  friction  coefficient  to  be  0.03,  we  have 

P  (0.94  X  0.545  +  0.03  X  0.839)  =  1517- 

P  =  ^^^  =  2.825  pounds 
0.537 

The  normal  tooth  pressure  being  thus  known  the  bearing  loads 
can  be  found  by  means  of  equations  (55)  to  (58)  as  follows: 
Thrust  load  on  worm  shaft : 

2.82s  [(0.94x0.839)  —  (0.03  X  0.545)1  =  2,180  pounds. 
Thrust  load  on  worm  wheel  shaft : 

2,825  [(0.94x0.545)  +  (0.03  X  0.839)]  =  1,520  pounds. 
Radial  load  on  worm  bearings: 


Digitized  by 


Google 


276 


THE  WORM  DRIVE. 


2.825  v^o. 342*  4-  (0.94X0. 839 +  0.03X0. 839)' =  1.848  founds 
Radial  load  on  wheel  bearings : 

2.825  v^o.3422  + (0.94X0.839  —  0.03X0.545)"  =2. 180  pounds. 

These  are  the  maximum  radial  and  thrust  loads  on  the  direct 
drive.  When  one  of  the  lower  gears  is  in  operation  these  bearing 
loads  are  increased  in  the  proportion  of  the  gear  reduction  ratio. 


-Thikty-eight  Tooth  Worm  Wheel  With  33° 
OF  Lead. 


Angle 


According  to  equation  (54)  the  allowable  tooth  pressure  is 
80  X  12.91  X  2.61  =  2,696  pounds. 
Hence  the  gear  will  be  rather  heavily  loaded,  but  since  the  rub- 
bing speed  is  low  the  tooth  load  is  within  the  permissible  limit. 

Materials — ^The  worm  is  made  of  low  carbon  steel  and  is  case 
hardened.  The  wheel  is  made  of  hard  phosphor  bronze.  These 
materials  are  used  because,  owing  to  their  hardness,  they  will 
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withstand  great  surface  pressure,  and  also  because  they  may  be 
finished  to  a  high  polish.  The  phosphor  bronze  wheel  blank 
should  be  cast  with  plenty  of  finishing  stock,  so  that  all  porous 
metal  may  be  removed  in  the  machining.  The  worm  and  wheel 
are  generally  cut  by  means  of  hobs.  In  cutting  the  teeth  the 
greatest  accuracy  must  be  aimed  at  and  the  surfaces  must  be 


Fig.  i8i.-r-HoBBiNG  a  Worm  Wheel. 

(In  the  shops  of  Henry  Wallwork  &  Co.,  Ltd.,  Manchester,   England.) 

smoothly  finished,  so  that  there  is  no  need  for  much  polishing 
after  hardening. 

Hardening  and  Polishing  of  Worms — The  following  rules 
regarding  the  carbonizing,  quenching  and  polishing  of  worms 
were  given  by  T.  Rapson  in  an  article  in  The  Automobile  Engi- 
neer (London)  for  May,  1912: 

"If  the  worm  shafts  are  packed  carefully  in  a  carbonizing 
medium,  such  as  bone-dust,  charcoal,  etc.,  the  box  is  properly 
'clayed  up/  placed  in  a  carbonizing  furnace  and  kept  at  the 
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proper  temperature,  is  then  removed  and  the  worms  are  left 
to  cool  in  the  box,  there  will  be  little  trouble  from  oxidation. 
They  should  be  removed  from  the  boxes,  thoroughly  brushed 
and  cleaned  (not  with  a  stiff  wire  brush),  then  immersed  in  a 
bath  of  diluted  hydrochloric  and  nitric  acid  for  about  five 
minutes,  removed  and  washed  in  a  soda  bath,  dried  in  sawdust, 
and  are  then  ready  for  hardening.  During  the  carbonizing  opera- 
tion all  screw  threads  (if  any),  and  the  centres  on  which  the 
worm  shafts  will  run  when  being  ground  for  the  ball  races,  should 
be  covered  with  a  solution  of  copper  sulphate,  about  four  or  five 
ounces  to  a  pint  of  water.  This  will  keep  the  places  so  covered 
from  being  carbonized  and  allo\<r  the  centres  to  be  scraped,  if 
necessary,  after  the  hardening  process,  to  ensure  the  worm  run- 
ning true  before  grinding  for  the  bearings  or  races. 

"To  prevent  scaling  the  worms  during  the  hardening  opera- 
tion, a  salt  heating  bath  should  be  used,  i.  e.,  the  worms  should 
be  heated  in  melted  salt,  which  will  allow  them  to  be  brought 
to  a  temperature  suitable  for  hardening  without  allowing  them 
to  come  in  contact  with  oxidizing  influences;  also  the  salt  forms 
aipoating  when  the  worms  are  being  transferred  from  the  bath 
to  the  quenching  vat.  The  reader  may  readily  try  this  method 
by  obtaining  a  large,  gannister  lined,  plumbago  crucible,  putting 
in  a  quantity  of  barium  chloride,  and  heating  to  from  700  to  750 
degrees  C.  (roughly,  about  the  temperature  at  which  aluminum 
melts),  placing  a  worm  in  the  melted  salt  and  allowing  it  to 
get  to  the  surrounding  temperature,  which  will  take  from  seven 
to  ten  minutes.  It  must  then  be  removed  and  plunged  into  & 
f)ath  of  cold  water.  After  the  worm  is  cold  it  can  be  dipped 
ii^  a  hydrochloric  acid  bath,  which  will  free  the  barium  chloride, 
'  allowing  it  to  be  washed  away  readily,  and  a  soda  bath,  with  a 
good  drying  in  sawdust  will  leave  a  surface  just  as  though  it 
had  not  been  heated. 

"The  worm  is  now  ready  for  polishing  and,  if  the  beforemen- 
tioned  precautions  have  been  taken  in  machining,  carbonizing 
and  hardening,  this  will  be  a  comparatively  easy  matter.  A  most 
satisfactory  polish  may  be  attained  by  mounting  an  endless  belt, 
one  side  of  which  has  a  section  equal  to  the  space  between  the 
worm  teethi  set  at  the  angle  of  the  lead  of  the  worm,  the  worm 
being  mounted  on  dividing  heads  and  a  reciprocating  table  which 
permits  its  lateral  and  rotary  movement,  while  the  position  of 
the  belt  is  constant.  The  belt  must  be  kept  tight  by  a  weight  or 
spring  and  its  section  be  corrected  for  interference,  as  in  the  case 
of  the  cutter  for  the  thread  milling  machine,  but  in  this  case  for 


Digitized  by  VjOOQ IC 


THE  WORM  DRIVE. 


279 


an  infinite  diameter  or  straight  line.  It  should  run  at  a  surface 
speed  of  from  6,coo  to  7,ooo  feet  per  minute,  and  be  coated  with 
very  fine  abrasive.  For  the  finishing  operation  ;the  belt  should 
be  replaced  by  a  soft  cotton  rope  and  fed  with  crocus  and  oil" 

Hfndley  Worm  Gear— All  worm  wheels  are  'fthroated"-^that 
is,  the  face  of  the  gears,  instead  of  being  turned  off  straight,  is 
turned  to  an  arc  of  a  circle  of  a  radius  slightly  greater  than  the 
outside  radius  of  the  worm.  The  object,  of  course,  is  to  increase 
the  tooth  contact  area.  It  is  also  possible  to  "tjiroat"  the  worm, 
and  this  form  of  worm  is  known  as  the  Hindley.  Such  a  worm 
insures  increased  bearing  surface,  and  therefore  is  less  liable  to 
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Fig.  182.— Hindley  Type  Worm. 


(Purposely  shown  longer  than  made  in  practice,  to  bring  out  "hour  glass" 
eflfect  more  clearly.) 

start  cutting.  However,  its  machining  involves  some  difficulty 
and  it  requires  additional  care  in  mounting.  The  ordinary  straight 
worm  must  be  mounted  accurately  in  two  planes;  that  is,  the 
worm  axis  must  be  at  a  definite  distance  from  the  wheel  axis,  and 
it  must  also  be  in  the  median  plane  of  the  worm  wheel.  The 
Hindley  or  "hour  glass'*  worm,  on  the  other  hand,  must  be  ac- 
curately located  in  three  planes;  that  is,  the  worm  axis  must 
be  a  definite  distance  from  the  wheel  axis;  it  must  be  in  the 
median  plane  of  the  worm  wheel,  and  the  median  plane  of  the 
worm  must  include  the  wheel  axis.  In  cutting  a  Hindley  worm 
the  cutting  tool  must  be  mounted  so  as  to  turn  around  a  centre 
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at  a  distance  from  the  cutting  edge  equal  to  the  radius  of  the 
worm  wheel,  and  it  must  be  fed  in  the  direction  perpendicular 
to  the  plane  of  rotation  of  the  worm. 

The  majority  of  worm  drives  in  England  seem  to  employ 
straight  worms,  but  the  Lanchester  worm,  which  is  used  on 
several  foreign  makes  of  cars  and  is  being  introduced  in  this 
country,  is  of  the  Hindley  type.  When  proper  manufacturing 
equipment  is  available  the  manufacturing  difficulties  vanish,  and 


Fig.  183. — Mounting  of  Worm  With  One  Plain  and  One  Ball 
Thrust  Bearing. 


Fig.  184.— Mounting  of  Worm  With  Double  Ball  Thrust 
Bearings. 

there  remains  only  the  greater  difficulty  involved  in  properly 
mounting  the  Hindley  worm  to  balance  the  advantage  of  a  lower 
unit  tooth  pressure.  The  Hindley  worm  is  made  shorter  than  the 
straight  worm,  usually  between  one-fifth  and  one-quarter  the 
wheel  diameter. 
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Location  of  Worm  Relative  to  Wheel— As  already  pointed 
out,  there  are  two  possible  arrangements  of  the  worm  and  wheel 
combination,  viz.,  with  the  worm  at  the  bottom  and  at  the  top 
of  the  wheel  respectively.  As  far  as  the  operation  of  the  worm 
gear  is  concerned,  the  former  is  the  preferable  arrangement,  be- 
cause with  it  the  worm  is  always  submerged  in  oil,  as  is  that 
portion  of  the  wheel  whose  teeth  are  at  the  moment  meshing  with 
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Fig.  185. — Mounting  of  Worm  Driven  Differential. 

those  of  the  worm.  The  heat  developed  by  the  friction  at  the 
tooth  contact  has  to  be  transmitted  to  the  casing  largely  through 
the  oil  bath,  and  when  the  worm  is  at  the  bottom  the  path 
for  the  heat  to  travel  is  shorter  and  more  direct  However,  in 
American  practice  considerations  of  groimd  clearance  required 
practically  exclude  the  bottom  mounted  worm,  except  on  town 
cars.  Practical  experience,  moreover,  has  shown  that  it  is  per- 
fectly possible  to  properly  lubricate  the  top-mounted  worm  and 
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to  keep  it  cobl,  as  at  moderate  and  high  speeds  the' revolving  wheel 
throws  oil  over  the  whole  interior  of  the  driving  gear  housing. 

Mounting  of  Worm — ^A  very  heavy  thrust  comes  on  the 
worm  shaft  when  the  full  engine  load  is  being  transmitted,  and 
special  thrust  bearings  must  be  provided.  With  a  top-mounted 
worm  the  thrust  is  toward  the  rear  when  the  car  is  being  driven 
forward  and  toward  the  front  when  it  is  being  driven  backward 
Since  the  thrust  load  is  greater  than  the  radial  load,  and  must 


Fig.  i86. — Driving  Gear  Housing  With  Vertical  Joint 
Perpendicular  to  Differential  Axis. 

be  carried  by  a  single  bearing,  whereas  the  radial  load  is  divided 
between  two  bearings,  it  is  customary  to  use  separate  thrust 
bearings.  The  reverse  is  used  only  rarely,  and  then  generally 
only  under  low  power  and  for  a  short  time;  hence,  a  pair  of 
plain  thrust  washers  are  sometimes  used  for  it,  as  shown  in 
Fig.  183,  with  a  ball  thrust  bearing  to  take  up  the  thrust  due 
to  forward  driving.  However,  the  more  common  plan  is  to  use 
a  double  ball  thrust  bearing,  as  illustrated  in  Fig.   184.     The 
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di£Ferential  also  has  to  be  provided  with  thrust  bearings  for  taking 
thrust  in  both  directions,  and  in  this  case  either  a  single  ball 
thrust  bearing  may  be  mounted  on  either  side  of  the  differential 
or  a  double  thrust  bearing  on  one  side.  The  usual  plan  is  to 
place  one  thrust  bearing  on  either  side  of  the  differential,  which 
is  illustrated  in  Fig.  185.  As  regards  the  sizes  of  bearings, 
the  same  rule  can  be  followed  as  given  for  the  differential 
bearings  of  bevel  driven  rear  axles,  viz.,  to  use  bearings  of  50  to 


Fig.  187. — Driving  Gear  Housing  Wiih  Horizontal  Joint 
Through  Differential  Axis. 

100  per  cent,  greater  rated  load  capacity  than  the  maximum  load 
they  will  have  to  carry  with  the  direct  drive  in  operation.  Of 
all  the  bearings  of  a  worm  drive  shaft  the  worm  shaft  thrust 
bearing  has  to  carry  the  largest  load,  and  it,  therefore,  should 
be  made  of  liberal  size. 

Driving  Qear  Housings — The  driving  gear  housing  of  a  worm 
driven  axle  may  be  divided  in  halves  in  three  planes.    Fig.  186 
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shows  such  a  housing  divided  in  a  vertical  plane  perpendicular  to 
the  differential  axis.  Fig.  i97  shows  a  housing  divided  horizontal- 
ly through  the  differential  axis,  and  Fig.  183  a  housing  divided 
vertically  through  the  differential  axis,  in  the  Pierce-Arrow 
motor  truck  the  housing  is  cast  in  a  single  piece,  with  a  large 
gear  carrier  fitted  to  the  top,  as  illustrated  in  Fig.  18&.  In  the 
case  of  a  bottom  mounted  worm,  the  casing  may  be  cast  in  a 
single  piece  with  a  large  cover  on  top  or  at  an  angle  of  45  de- 


FiG.  188.— Driving  Gear  Housing  With  Gear  Carrier  (Fierce- 
Arrow  Truck). 

grees,  through  the  opening  of  which  the  differential  may  be  in- 
serted. The  worm  is  always  located  in  a  timnel  which  is  bored 
out  for  the  reception  of  the  bearings,  and  generally  the  bear- 
ings at  one  end,  at  least,  are  larger  in  diameter  than  the  worm, 
so  that  the  whole  worm  shaft  assembly  can  be  inserted  into  the 
tunnel  from  that  end.  In  some  designs,  however,  the  casing  is 
split  through  the  worm  axis. 
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Undoubtedly  the  greatest  rigidity  with  a  given  amount  of 
material  is  obtained  by  dividing  the  housing  vertically  per- 
pendicularly to  the  axis  of  the  differential,  but»  unfortunately, 
this  design  is  not  very  satisfactory  from  the  standpoint  of  con- 
venience in  assembling.  The  gear  carrier  principle,  when  applied 
to  the  worm  driven  axle,  possesses  all  of  the  advantages  that 
it  does  in  connection  with  the  bevel  driven  axle,  accurate  meshing 
of  teeth  being  fully  as  important  with  the  worm  gear  as  with 
the  bevel  gear. 

The  torque  reaction  is  exactly  the  same  in  a  worm  driven  axle 
as  in  a  bevel  gear  driven  axle,  and  must  be  taken  up  by  the  same 
means.  Also,  the  action  of  the  body  springs  has  exactly  the 
same  effect  on  the  worm  drive  as  on  the  bevel  gear  drive,  and 
the  relative  merits  of  the  different  axle  linkages  are  the  same 
for  the  worm  drive  as  for  the  bevel  gear  drive.  It,  therefore,  is 
unnecessary  to  go  into  the  design  of  these  parts  in  connection 
with  the  worm  drive.  The  design  of  the  axle  housing  with 
respect  to  strength  also  is  the  same  as  for  a  bevel  gear  driven 
axle,  except  that  the  worm  drive  is  often  used  for  commercial 
vehicles  of  relatively  low  speed  in  which  the  limiting  stress  on 
the  axle  housing  is  less.  A  live  axle  to  carry  a  weight  of 
several  tons  and  to  withstand  the  reactions  due  to  the  forces 
necessary  to  propel  such  a  load  must  of  necessity  be  of  great 
strength.  The  great  majority  of  truck  axles  at  present  are  dead 
axles,  and  there  seems  to  be  some  bias  against  live  axles  for 
heavy  vehicles  among  designers.  There  seems  to  be  no  reason, 
however,  why  a  live  axle  cannot  be  made  strong  enough  to  carry 
any  load  that  can  possibly  be  put  onto  a  truck.  However,  the 
subject  of  live  axle  design  for  trucks  is  comparatively  new,  and 
every  effort  must  be  made  to  so  arrange  the  design  that  Uie 
moments  and  couples  are  reduced  to  a  minimum  and  to  so  dis- 
tribute the  metal  that  it  works  to  the  best  advantage. 

Calculation  of  Axle  Tube  Dimen«loii«.— We  saw,  in  con- 
nection with  bevel  driven  live  axles,  that  the  axle  housing 
is  subjected  to  three  different  stresses,  as  follows:  (i)  The 
vertical  bending  stress  due  to  the  weight  carried;  (2)  the 
horizontal  bending  stress  due  to  the  driving  thrust  of  the  wheels 
or  the  retarding  force  of  the  wheels  in  braking,  and  (3)  the 
torsional  stress  on  the  axle  tubes  due  to  the  application  of 
the  rear  wheel  brakes.  Of  these  the  first  can  be  greatly  reduced 
by  means  of  an  underrunning  truss,  and  the  second  can  be  re- 
duced and  the  third  practically  eliminated  by  using  8Ci»rate  torque 
arms  for  the  driving  and  braking  torque,  respcctivdy.     Two 
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torque  arms  should  be  used  for  the  braking  torque,  each  dose  to 
one  of  the  brakes,  and  either  integral  with  the  brake  supporting 
bracket  or  pivotally  secured  to  it.  The  forward  ends  of  these 
torque  arms  should  be  secured  to  the  frame  in  such  a  manner 
that  they  will  transmit  the  forward  driving  thrust  to  the  frame. 
The  lever  arm  of  the  bending  moment  due  to  the  driving  thrust 
or  braking  pull  is  then  much  shorter,  being  equal  to  the  distance 
between  the  centre  plane  of  the  driving  wheel  and  the  radius 
rod,  instead  of  to  the  distance  between  the  wheel  and  the  point 
where  the  axle  tube  enters  the  driving  gear  housing.  Besides, 
since  the  torque  bar  is  directly  connected  to  the  brake  support, 
the  reaction  on  the  brake  support  is  transmitted  directly  to  it 
and  does  not  create  any  torsion  in  the  axle  tube.  There  are  then 
only  bending  stresses  on  the  axle  tube,  due  to  the  horizontal  and 
vertical  moments,  respectively. 

Suppose  that  in  a  3  ton  truck  the  load  on  each  rear  wheel 
when  the  truck  is  fully  loaded  is  4,000  pounds.  Also  that  the 
distance  from  the  centre  plane  of  the  rear  wheel  to  the  centre 
of  the  body  spring  is  13  inches  and  the  distance  from  the  centre 
plane  of  the  wheel  to  the  centre  of  the  radius  rod  7  inches. 

It  would  evidently  be  unreasonable  to  figure  the  maximum 
rear  wheel  propelling  thrust  on  the  basis  of  the  force  of  slippage 
under  a  friction  coefficient  of  0.6,  as  neither  the  motor  nor  the 
brakes  are  at  all  likely  to  be  powerful  enough  to  cause  slippage 
of  the  driving  wheels  under  full  load.  We  will  assume  that 
the  maximum  driving  thrust  is  that  required  to  move  the  car 
up  a  1254  per  cent,  grade  under  full  load.  This  driving  force 
is  equal  to  about  15  per  cent,  of  the  total  weight  of  car  and  load. 
Suppose  that  the  weight  is  13,000  pounds,  then  the  total  driving 
force  required  is  1,950  pounds,  and  that  produced  by  each  driv- 
ing wheel  one-half  this,  or  975  pounds.  Hence,  the  maximum 
bending  moment  is 

v^  (4,000  X  13)*  -H  (975  X  7)-  =  52  450  pounds-inches. 
Since  the  moment  due  to  the  weight  supported  alone  is 
52,000  pounds-inches  it  is  seen  that  the  additional  moment 
due  to  the  wheel  thrust  is  negligible  when,  as  in  this  case, 
the  radius  rods  are  located  close  to  the  rear  wheels.  In 
regular  operation  a  considerable  portion  of  the  stress  on 
the  axle  housing  is  taken  up  on  the  axle  truss  rod.  We  will 
assume  that  the  axle  tube  is  to  be  funnel-shaped  with  flanged 
ends  that  are  bolted  to  the  driving  gear  housing  and  that 
an  outer  tube  is  to  be  forced  over  its  smaller  end,  with 
flanges   between    which   the   spring   saddle   and   brake   support 
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are  to  be  held.  This  outer  tube  will  also  considerably  re- 
duce the  stress  in  the  axle  tube,  hence  we  may  place  the 
stress  in  the  axle  tube  at  quite  a  high  figure,  say,  20,000 
pounds  per  square  inch.  It  will  be  understood  that  owing 
to  the  stiffening  effect  of  the  outer  tube  and  the  effect  of 
the  truss,  the  actual  working  stress  in  the  axle  tube  will  be 
much  lower.  We  will  assume  that  the  outside  diameter  of 
the  tube  just  inside  the  wheel  bearing  is  3^4  inches.  Then 
we  have 
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jf  =  2.75 
Hence   the   inside    diameter   should   be   not   more   than   2^ 
inches. 

Sample  Design — A  full  floating  live  axle  design  for  a  3-ton 
truck  is  shown  in  Fig.  189.  The  worm  and  wheel  are  of  the 
dimensions  already  calculated,  having  5  threads  and  38  teeth, 
respectively,  of  354  normal  diametral  pitch.  The  differential 
is  carried  in  a  cast  steel  housing  which  is  parted  in  the  hori- 
zontal plane  through  its  axis.  The  differential  is  supported 
by  radial  and  thrust  bearings  on  both  sides,  and  stuffiing 
boxes  are  provided  on  the  ends  of  the  differential  hubs  to 
prevent  loss  of  oil  from  the  driving  gear  housing.  The 
axle  tubes  are  swaged  out  to  a  large  diameter  so  as  to  ensure 
a  strong  joint  with  the  driving  gear  housing.  The  wheel 
end  of  the  axle  tube  is  reduced  in  diameter  so  that  no  larger 
bearings  need  be  used  than  are  necessary  to  carry  the  load. 
A  second  tube  is  forced  over  the  smaller  end  of  the  regular 
axle  tube,  which  has  flanges  turned  upon  it  which  prevent 
endwise  motion  of  the  springs  and  brake  support.  Both  the 
spring  seats  and  the  brake  support  are  swiveled  upon  the  axle 
tube,  and  the  distance  rod  is  hinged  to  the  brake  support.    This 
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outer  tube  also  is  formed  with  a  lug  to  which  the  under  running 
truss  is  anchored. 

In  laying  out  this  axle  it  was  assumed  that  the  whee' 
tread  is  68  inches.  The  spring  comes  just  outside  the  frame, 
which  is  the  usual  arrangement,  as  it  permits  of  a  relatively 
low  frame,  and  the  radius  rod  is  bent  inward  toward  the 
frame,  and  its  forward  end  can  be  connected  to  a  bracket  riveted 
to  the  frame,  by  means  of  either  a  double  pin  or  a  spherical  joint. 

Live  axles  for  commercial  vehicles  are  sometimes  made 
entirely  of  cast  steel.  In  that  case  it  is  necessary  to  keep 
the  unit  stress  in  the  axle  housing  low,  because  cast  steel 
contains  larger  percentages  of  impurities  than  bar  steel  and  is 
not  as  tough  as  the  usual  axle  material. 

Efficiency  Tests  of  Worm  Gears — Some  efficiency  tests  of 
a  worm  driven  rear  axle  were  made  several  years  ago  by  the 


4  €         Q        /O       /2       /^       /6        m        20       Z2      24       2€ 

JCor,9*  potfomr  etmfiatrecf  to  worm  ahc^ 

■ 

Fig.   190.— Worm  Gear  Efficiency  Curves. 

H.  H.  Franklin  Manufacturing  Co.,  of  Syracuse,  N.  Y.  The 
worm  had  six  threads,  a  pitch  diameter  of  2.08  inches,  a  lead  of 
4.69  inches,  an  angle  of  lead  of  35  degrees  40  minutes,  a  normal 
diametral  pitch  of  4.  The  gear  had  41  teeth,  with  a  pitch  diameter 
of  10.2  inches,  thus  making  the  distance  between  the  axes  of 
worm  and  gear  6.14  inches.  The  worm  was  cut  from  steel  and 
hardened,  and  the  wheel  was  made  from  phosphor  bronze. 
Previous  to  making  the  test  the  set  had  run  on  a  one  ton  truck 
for  a  distance  of  about  4,000  miles.  The  tests  were  made  by 
means  of  the  apparatus  described  in  the  chapter  on  the  bevel 
gear  drive  and  rear  axle.  It  will  be  seen  from  the  accompanying 
diagram,  Fig.  190,  that  the  maximum  efficiency  obtained  is  about 
89  per  cent,  and  that  this  efficiency  is  fairly  closely  maintained 
throughout  a  wide  range  of  power  and  speed.  Remembering 
that  the  losses  in  the  test  included  both  tooth  friction  and  bearing 
friction,  and  comparing  the  efficiency  results  obtained  with  the 
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curves  in  Fig.  17^  it  would  seem  that  the  tooth  friction  coefficient 
must  be  in  the  neighborhood  of  0.04.  Some  tests  were  also  made 
with  a  set  of  the  same  proportions,  both  members  of  which  were 
made  of  steel  and  hardened,  but  the  maximum  efficiency  was  not 
quite  87  per  cent.,  and  more  trouble  was  experienced  from  heat- 
ing of  the  worm. 
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THE  CHAIN  DRIVE. 

Transmission  by  means  of  chains  and  sprockets  is  now  very 
little  used  on  pleasure  cars,  but  is  very  common  on  commercial 
vehicles.  The  chain  possesses  the  advantage  of  a  slightly  greater 
flexibility  than  the  shaft  drive,  hence  it  tends  to  protect  the 
motor  and  tires  against  shocks  due  to  too  rapid  engagement  of 
the  clutch,  road  shocks,  etc.  When  kept  clean,  oiled  and  prop- 
erly adjusted,  the  chain  is  a  very  efiicient  means  of  power  trans- 
mission. The  trouble  with  it  on  automobiles  is  that  it  is  usually 
exposed,  and  grit  soon  finds  its  way  into  its  numerous  bearing 
joints,  causing  rapid  wear.  In  order  to  keep  the  chain  at  its 
best  operating  efficiency  for  any  length  of  time,  it  is  necessary 
to  enclose  it  in  an  oil  tight  case  and  run  it  in  oil.  The  design 
of  a  light  chain  case  which  shall  hold  oil,  not  rattle  and  permit 
of  ready  inspection  of  the  chains  and  adjustment  of  their  tension 
is  a  rather  difficult  problem,  but  it  is  being  solved,  and  chain- 
in-oil  drives  are  coming  into  use  to  some  extent.  In  the  cen- 
tre or  single  chain  drive,  sometimes  used  with  light  pleasure 
cars,  and  particularly  with  friction  driven  cars,  the  difficulty  of 
keeping  an  exposed  chain  in  good  working  condition  is  espec- 
ially great,  since  it  is  located  directly  in  the  path  of  splashing 
mud  and  water  from  the  wheels. 

Construction  of  Chains. — The  only  type  of  chain  used  for 
automobile  propulsion  is  the  roller  chain,  which  is  one  form  of 
the  general  class  known  as  machine-made  chains.  The  chain 
(Fig.  191)  consists  of  two  sets  of  links,  inner  and  outer,  re- 
spectively, each  set  of  one  kind  being  joined  to  two  sets  of  the 
other  kind  by  means  of  a  bushing  and  a  rivet  for  each  joint. 
The  bushing  serves  to  hold  the  pair  of  inner  links  the  proper 
distance  apart,  and  the  rivet  has  both  of  the  outer  links  riveted 
to  it.  In  passing  over  a  sprocket  the  rivet  turns  inside  the 
bushing  through  an  angle  which  is  equal  to  360  degrees  divided 
by  the  number  of  teeth  in  the  sprocket,  first  in  one  direction 

291 


Digitized  by  VjOOQ IC 


292 


THE  CHAIN  DRIVE, 


and  then,  as  it  leaves  the  sprocket,  in  the  other.  It  is  this  mo- 
tion of  the  joints  which  is  responsible  for  the  wear  of  chains, 
and  as  the  motion  is  less  the  greater  the  number  of  teeth  in  the 
sprocket  the  advantage  of  using  large  sprockets  is  obvious. 

The  bushing  is  surrounded  by  a  roller  which  contacts  with  the 
sprocket  teeth.  Hence  the  contact  between  the  chain  and  the 
sprocket  is  a  rolling  contact  and  the  sliding  takes  place  between 
the  bushing  and  roller  and  between  the  bushing  and  pin.  The 
rivets  are  generally  made  of  nickel  steel  and  the  bushings  and 
rollers  are  hardened. 

Capacity  of  Roller  Chains.— The  permissible  working  ten- 
sion of  a  roller  chain  increases  substantially  as  the  square  of 
the  pitch,  because  both  the  pin  diameter  and  the  bushing  width 


Fig.  191. — Roller  Chain. 

increase  with  the  pitch,  and  the  product  of  these  two  factors 
is  the  joint  area  to  which  the  working  load  must  be  proportional. 
Hence,  from  the  standpoint  of  strength  it  is  advantageous  to 
use  a  large  pitch.  On  the  other  hand,  since  the  diameter  of  the 
sprocket  is  limited  by  considerations  of  ground  clearance  re- 
quired, the  number  of  teeth  in  the  sprocket  is  inversely  propor- 
tional to  the  pitch,  and  since  the  angular  motion  at  the  joints 
is  inversely  proportional  to  the  number  of  sprocket  teeth  it  is 
directly  proportional  to  the  pitch.  Hence,  by  increasing  the 
pitch  we  reduce  the  unit  bearing  pressure,  but  increase  the  mo- 
tion at  the  bearings.  A  chain  of  smaller  pitch  operates  more 
quietly  and  has  a  longer  length  of  life  provided  the  tension  on 
it  is  not  too  high.    Roller  chains  for  automobiles  are  commer- 
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cially  made  in  pitches  varying  from  }i  inch  to  2  inches,  in  }i 
inch  gradations,  and  each  pitch  is  made  in  several  different 
widths  of  rolls. 

The  Diamond  Chain  and  Manufacturing  Company  recommend 
the  following  sizes  of  chains  for  commercial  vehicles  of  different 
capacities : 

Pitch,  Width,  Roller  Diameter, 

Tons.  Inches.  Inches.  Inches. 

54     t  ^  9-16 

Va     1  H  H 

I     iJ4  H  H 

iH    i}i                   H  H 

a    t^                   H  H 

aj4    and   3 iJ4  i  H 

4     1)4  X  I 

5  and   over a  i^  iH 

These  are  the  largest  sizes  used  in  practice,  and  it  is  not  un- 
common to  find  chains  several  sizes  smaller  than  those  recom- 
mended on  trucks  of  a  given  capacity. 

In  laying  out  a  chain  drive  for  a  commercial  vehicle  the  aim 
should  be  to  make  the  chain  speed  as  high  as  possible,  because 
in  any  case  the  average  chain  speed  will  be  moderate  and  the 
higher  the  chain  speed  the  less  the  tension  in  the  chain  for  a 
given  horse  power  transmitted.  The  large  sprocket  wheel  must 
clear  the  ground  by  about  7  inches,  hence  the  sprocket  pitch  diam- 
eter must  be  from  15  to  16  inches  less  than  the  wheel  diameter. 
The  pitch  diameter  of  the  front  sprocket  then  depends  upon  the 
gear  reduction  desired.  In  commercial  vehicles  fitted  with  solid 
tires  the  total  reduction  ratio  between  motor  and  rear  wheel  is 
generally  between  6  and  9.  It  is  customary  to  make  the  two  re- 
ductions, at  the  bevel  gear  set  on  the  countershaft  and  at  the 
chains,  about  equal ;  hence  the  speed  reduction  by  the  chains  and 
sprockets  will  vary  between  2j4  and  3.  This  gives  a  front 
sprocket  with  the  necessary  number  of  teeth  to  insure  proper 
operation.  Sprockets  with  less  than  ten  teeth  quickly  destroy 
the  chains.  Sprockets  with  12  to  13  teeth  give  tolerably  satis- 
factory service,  while  sprockets  with  15  teeth  or  more  are  most 
satisfactory. 

Chain  and  Sprocket  Calculations— The  pitch  diameter  of 
a  sprocket  for  roller  chains  may  be  found  by  means  of  the  fol- 
lowing equation: 

P 
^P  —  180"* (59) 

where  Dp  is  the  pitch  diameter ;  P,  the  pitch  of  the  chain,  and  N 
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the  number  of  teeth  in  the  spocket.  Denoting  the  diameter  of  the 
roller  by  d,  the  outside  diameter  of  the  sprocket  blank  is 

Pp  +  d, 
and  the  bottom  diameter 

Dp  —  d. 
The  distance  between  centres  of  sprockets  for  a  certain  number 
of  links  in  the  chain  may  be  found  by  means  of  the  equation 

2  COS  P 

where  Z  is  the  number  of  links  in  the  chain;  N,  the  number  of 
teeth  in  the  large  sprocket;  n,  the  number  of  teeth  in  the  small 
sprocket,  and  P,  the  angle  made  by  the  chain  with  the  line  of 
centres  (see  Appendix  to  Vol.  I).  This  equation  gives  the  dis- 
tance required  for  the  chain  to  run  tight  on  the  sprockets.  A 
slight  amount  of  slack  is  necessary  and  means  for  adjusting  the 
distance  between  centres  are  generally  provided.  The  distance 
between  centres  of  sprockets  must  not  be  less  than  one  and  one- 
half  times  the  pitch  diameter  of  the  large  sprocket  Too  long 
chains  are  also  objectionable  because  of  the  whipping  effect  if 
the  chain  is  at  all  loose.  In  commercial  vehicle  practice  the  dis- 
tance between  sprocket  centres  is  generally  made  equal  to  about 
twice  the  pitch  diameter  of  the  large  sprocket    Ir  fixing  this 


3- 
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Fig.  192. — Offset  Links. 

distance  it  is  preferable  to  figure  on  an  even  number  of  links, 
because  although  the  use  of  so-called  offset  links  (Fig.  192) 
permits  of  an  odd  number,  this  practice  is  objectionable. 

Design  of  Sprocket  Wheels — Sprocket  wheels  are  made 
from  steel  plate,  drop  forgings  or,  in  some  instances,  cast  steel. 
The  larger  sprockets  are  practically  always  in  the  form  of  flat 
rings  which  are  generally  bolted  to  the  brake  drums.  Front 
sprockets,  on  account  of  their  smaller  size,  wear  faster  than 
rear  sprockets  and  should  be  deeply  case  hardened.  Front  sprock- 
ets also  are  sometimes  bolted  to  separate  hubs,  the  advan- 
tages of  this  construction  being  that  when  a  sprocket  is  worn  out 
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only  the  steel  disc  need  be  renewed,  and  that  a  lot  of  sprockets 
can  be  forced  over  a  mandrel  and  cut  at  one  time.  Referring 
to  Fig.  193  the  width  B  of  the  sprocket  is  made  equal  to  twenty- 
nine  thirty-seconds  the  width  A  of  the  chain,  and  the  sprocket 
teeth  are  chamfered  on  their  outer  ends  from  the  pitch  line  on,  so 
as  to  reduce  their  width  C  on  the  circumference  to  one-half  the 
width  of  the  chain,  the  centre  of  the  chamfering  radius  being  lo- 
cated on  the  pitch  line.  The  clearance  D  for  the  side  links  below 
the  pitch  line  must  be  nine-sixteenths  of  the  pitch  or  more. 
Sprocket  wheels  are  cut  by  means  of  formed  cutters,  different 
cutters  being  used  for  wheels  of  the  same  tooth  pitch  but  with 
different  numbers  of  teeth.  Care  must  be  exercised  to  get  the 
bottom  diameters  exactly  right  and  that  there  is  the  proper 
amount  of  clearance  between  the  teeth  and  the  rollers  as  the 
chain  runs  onto  and  leaves  the 
sprocket.  In  order  to  insure 
concentricity  of  the  sprocket 
and  its  hub  or  centre,  when  the 
two  parts  are  made  separate, 
the  sprocket  blank  should  be 
made  an  accurate  fit  over  a 
turned  portion  of  the  hub  or 
centre,  against  the  flange  to 
which  it  is  bolted.  From  four 
to  eight  bolts  are  used  in  se- 
curing the  front  sprocket  to 
its  centre  and  a  relatively 
larger  number  for  the  rear^ 
sprocket. 

Chain  Pull. — If  the  maximum  engine  torque  is  denoted  by 
T,  the  combined  speed  reduction  ratio  of  the  low  gear  in  the 
transmission  and  the  bevel  gear  set  by  r,  the  pitch  diameter 
of  the  sprocket  pinion  by  d  and  the  combined  efficiency  of  the 
low  gear  and  the  bevel  gear  set  by  «,  then  the  maximum  chain 
tension  is 


Fig.  193. — Sprocket  Dimensions. 
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Suppose  we  have  a  three  ton  truck  fitted  with  a  four  cylinder 
4>^x5  inch  motor  which  develops  a  low  speed  torque  of  165 
pounds-feet.  Suppose  the  low  speed  reduction  in  the  change  gear 
is  3.2  and  the  reduction  of  the  bevel  gear  set  3.  Then,  considering 
the  efficiency  of  the  change  gear  and  bevel  gear  set  together  to  be 
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go  per  cent.,  the  maximum  torque  on  the  jacksnaft  is 

165x3.2x3x0.90=1,395  pounds-feet. 
The  proper  size  of  the  chain  to  use  is  a  i^  inch  pitch  i  inch 
width  of  roll.  With  a  36  inch  rear  wheel  the  limiting  pitch 
diameter  of  the  sprocket  wheel  is  about  21  inches,  hence  we 
could  use  45  teeth,  which  gives  a  pitch  diameter  of  21.49  inches, 
and  if  the  total  reduction  from  engine  to  rear  wheels  is  to  be, 
say,  9,  then  the  chain  and  sprocket  reduction  must  be  3  to  i  and 
the  sprocket  pinion  must  have  15  teeth.  This  will  make  the  pitch 
diameter  of  the  sprocket  pinion 


7.215  inches 


194.— Overhanging  Sprocket  Pinion. 
Hence  the  maximum  tension  in  each  chain  would  be 


1395  X  12 


=  2,^21  pounds. 


7.215 

Such  a  chain  has  an  ultimate  strength  of  from  18,000  to  21,000 
pounds,  and  therefore  has  a  factor  of  safety  of  about  8  when 
working  under  full  engine  load  on  low  gear. 

Overhanging  Sprockets — Owing  to  the  high  tension  in  the 
chain  under  low  gear  it  is  advantageous  to  place  the  jacksnaft 
outboard  bearing  in  the  centre  plane  of  the  chain,  which  requires 
that  the  sprocket  be  made  bell-snaped  or  be  bolted  to  a  bell- 
shaped  centre.  If  an  ordinary  symmetrical  type  of  sprocket 
were  keyed  to  the  jackshaft  outside  the  bearing,  the  tension  in 
the  chain  would  impose  a  heavy  bending  moment  on  the  shaft, 
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which  is  avoided  by  so  arranging  the  sprocket  and  bearing  that 
their  centre  planes  coincide.    This  is  illustrated  in  Fig.  194. 

Chain  Adjusting  Rods— The  chain  adjusting  rods,  also 
known  as  radius  rods,  serve  a  triple  purpose.  They  take  up  the 
reaction  due  to  the  chain  pull,  allow  of  adjusting  the  slack  in 
the  chain,  and  transmit  the  driving  thrust  or  braking  pull  from 
the  rear  axle  to  the  frame.  These  rods  must  be  jointed  at  both 
ends  so  as  to  permit  of  free  play  of  the  springs,  and  the  joint 
centres  should  preferably  lie  in  the  axes  of  the  sprockets,  so 
that  any  play  of  the  springs  will  not  affect  the  sprocket  centre 
distances. 

Fig.  195  shows  a  simple  form  of  radius  rod,  as  often  fitted 
to  light  commercial  vehicles.  At  the  forward  end  a  T-shaped 
fitting  surrounds  a  cylindrical  portion  of  the  jackshaft  bearing 
bracket  or  the  jackshaft  tube.    The  radius  rod  proper  consists 


Fig.  195.— Simple  Form  op  Radius  Rod. 

of  a  tube  which  is  threaded  on  the  inside  at  both  ends,  having 
a  forked  connector  secured  into  it  at  the  rear  end  which  con- 
nects with  a  lug  formed  integral  with  the  brake  support  or  spring 
saddle  on  the  rear  axle.  The  forward  end  of  the  radius  rod  is 
connected  to  the  T  fitting  already  referred  to  by  means  of  a 
tumbuckle  whose  opposite  ends  are  threaded  right  and  left  re- 
spectively. It  is  obvious  that  by  turning  this  tumbuckle  the 
distance  between  the  two  hubs  at  the  end  of  the  radius  rod  can 
be  varied,  and  when  the  adjustment  has  been  made  the  turn- 
buckle  can  be  locked  by  means  of  the  check  nuts  provided. 

While  the  above  construction  serves  the  purpose  of  a  radius 
rod  in  a  way,  it  does  not  make  proper  allowance  for  angular 
motion  of  the  rear  axle  with  relation  to  the  plane  of  the  vehicle 
frame,  as  caused  by  road  irregularities.  In  fact,  with  radius 
rods  of  this  typt  the  rear  axle  can  move  freely  only  in  such  a  way 
that  it  always  remains  parallel  to  the  frame.    Any  other  motion 
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entails  heavy  strains  in  the  rods  and  their  connections.  Besides, 
if  the  loaded  truck  were  running  on  a  laterally  inclined  road  sur- 
face, or  if  the  rear  axle  should  receive  a  lateral  shock,  as  in 
striking  a  curb  as  the  result  of  a  skid,  the  greater  part  of  the 
strain  would  be  taken  up  by  the  radius  rods,  and  these  would 
be  likely  to  be  injured.  These  lateral  strains  should  preferably 
be  taken  by  the  body  springs,  and  to  this  end  the  joints  of  the 
radius  rods  to  the  frame  and  rear  axle,  respectively,  must  be  of  the 
universal  type. 


Fig.  196. — Radius  Rod  Double  Pivotal  Forward  Joint. 

Fig.  196  shows  the  front  end  of  a  radius  rod  which  has  a 
double  pivotal  joint  with  the  frame.  The  fitting  to  which  the 
radius  rod  is  connected  swivels  on  the  jackshaft  bearing  bracket 
or  housing,  and  the  rod  has  a  pivotal  connection  with'  this  fit- 
ting. The  forward  end  of  the  rod  proper  is  provided  with  a  hub 
which  is  internally  threaded  to  receive  a  bushing  which  is 
threaded  left  handedly  on  the  outside  and  right  handedly  on  the 
inside.  The  bushing  receives  the  shank  of  a  T-shaped  con- 
nector fitting.  By  turning  the  bushing  by  means  of  a  wrench 
the  effective  length  of  the  radius  rod  can  be  increased  or  de- 
creased, and  after  the  adjustment  has  been  made  the  parts  can 
be  locked  in  position  by  means  of  a  clamp  screw  and  check  nut. 

Fig.  197  illustrates  a  spherical  joint  for  the  forward  end  of  a 
radius  rod.  The  turnbuckle  is  provided  with  a  head  whose 
upper  and  under  faces  are  turned  spherically.  The  upper  face 
of  the  head  bears  against  the  spherical  head  of  a  steel  button 
inserted  into  a  drill  hole  in  the  wall  of  the  fitting  on  the  jack- 
shaft  bearing  bracket,  and  against  the  under  face  of  the  head 
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presses  an  externally  threaded  ring  screwed  into  a  threaded 
recess  in  a  boss  formed  on  the  fitting,  which  ring  is  also  provided 
with  a  spherical  surface.  After  adjustment  has  been  made,  the 
nut  can  be  locked  in  position  by  means  of  a  clamp  screw,  and 
the  same  locking  means  is  employed  for  the  threaded  shank  of 
the  tumbuckle. 

The  joint  of  the  radius  rod  to  the  rear  axle  may  also  be  of 
either  the  double  pivotal  or  spherical  type.  The  former  is  illus- 
strated  in  Fig.  198.  A  lug  is  formed  on  the  hub  of  the  brake 
support  which  is  swiveled  on  the  rear  axle,  and  the  rear  end  of 
the  radius  rod  is  connected  to  this  lug  by  means  of  a  pin  which  is 
held  in  position  either  by  means  of  a  bolt  head  and  nut  or  a 
locking  pin,  as  shown  in  the  illustration.  A  spherical  joint  for 
the  rear  end  of  a  radius  rod  is  shown  in  Fig.  199.    One-half  of 


Fig.  197. — Radius  Rod  Spherical  Forward  Joint. 

the  socket  is  formed  in  the  spring  saddle,  and  the  other  half  in 
a  fitting  which  is  bolted  to  the  spring  saddle.  The  ball  is  pro- 
vided with  a  threaded  shank,  which  is  screwed  into  the  tubular 
rod  and  secured  by  a  lock  nut. 

In  Fig.  200  is  shown  a  spring  cushioned  radius  rod  a.s  used  on 
the  Bussing  motor  trucks  made  in  Brunswick,  Germany.  The 
rear  end  of  the  radius  rod  is  connected  to  the  brake  support  and 
the  forward  end  is  made  telescoping  and  surrounded  by  a  flat 
helical  spring.  It  is  obvious  that  in  case  of  a  sudden  increase  in 
the  chain  pull,  as  in  letting  the  clutch  in  too  quickly,  the  helical 
spring  will  compress  and  the  radius  rod  shorten,  thus  cushion- 
ing the  drive. 

When  a  spherical  type  of  joint  is  used  at  the  rear  end  of 
the  radius  rod,  it  is  not  convenient  to  use  the  latter  as  a  torque 
member  to  take  up  the  brake  reaction.  In  that  case  the  brake 
reaction  has  to  be  taken  up  by  the  body  springs  by  connection  of 
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the  brake  support  with  the  spring  seat,  or  the  brake  support  may 
be  linked  to  the  vehicle  frame. 

Calculation  of  Radius  Rods— The  radius  rods  act  as  com- 
pression members  or  columns,  and  their  dimensions  should  be 
calculated  accordingly.  The  maximum  chain  tension  can  be  cal- 
culated by  the  method  already  explained  (Equation  60).  Besides 
this,  the  rods  must  transmit  the  propelling  thrust  from  the  rear 
axle  to  the  frame.  This  propelling  thrust  can  be  figured  on  the 
basis  of  15  per  cent  of  the  weight  of  the  vehicle  on  the  two 
rods,  for  extreme  cases.  But  since  the  rod  makes  an  angle  with 
the  frame,  the  thrust  in  the  direction  of  the  rod  is  greater  than 
the  propelling  thrust,  in  the  ratio  of  unity  to  the  cosine  of  this 
angle. 


Fia  198. — Radius  Rod  Double  Pivotal  Rear  Joint. 

Thus,  in  the  case  of  our  3  ton  truck  we  found  that  the  maxi- 
mum chain  tension  was  2,321  pounds.  The  maximum  propelling 
thrust  on  each  side  is  975  pounds.  Assuming  that  in  the  full 
load  position  of  the  spring  the  radius  rods  make  an  angle  of  20 
degrees  with  the  frame,  the  thrust  along  them  will  be 

^^  =:  1,0^0  founds, 
0.94 

and  the  total  pressure  on  each  of  the  radius  rods, 

2321  +  1040  =  3361  pounds,  _        X  :  ^  •-• 
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Fig.  199. — Radius  Rod  Spherical  Rear  Joint. 

The  necessary  section   can  be  determined   by  means  of   the 
equation 


*^~^  V"^  25,000  rV 


(Rankine's  equation  for  steel  columns  free  at  both  ends).  In 
this  equation  5"  is  the  unit  compression  stress;  P,  the  total  pres- 
sure on  the  column;  A,  the  cross  sectional  area;  r,  the  least 
radius  of  gyration  of  the  section,  and  /  the  length  of  the  rod  or 
column.  In  order  to  use  this  formula  it  is  necessary  to  assume 
a  section  and  determine  the  value  of  the  stress  S,  and  if  this 
figures  out  either  too  high  or  too  low,  to  make  a  new  assumption. 
Let  us  assume  that  the  centre  to  centre  distance  of  the  radius 
rod  in  the  3  ton  truck  is  40  inches ;  that  the  rod  is  to  be  tubular, 


Fig.  200. — Cushioned  Radius  Rod. 
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of  i^  inches  outside  and  }i  inch  inside  diameter.    Thefn 

i4=o.6  square  inch, 

7=0.097. 

f*  =  o.i5i, 
and  the  unit  stress 

S  =  3i36i  /        _JL.  X  h^)  =  15, 100  pounds  per  sg.  in. 
0.6  \     '  25,000      0.151/ 

Assuming  the  outside  diameter  to  be  i^  inches  and  the  inside 
I  inch,  the  unit  stress  figures  out  to  about  7,000  pounds  per 
square  inch.  With  these  figures  and  a  table  of  standard  tube 
sizes  a  suitable  tube  can  easily  be  selected,  since  the  stress  can 
be  allowed  to  reach  a  value  of  12,000  to  15,000  pounds  per  square 
inch.  Of  course,  if  the  tube  is  threaded  on  the  inside  the  dimen- 
sion at  the  bottom  of  the  thread  must  be  taken  for  the  effective 
inside  diameter  of  the  tube. 

Many  radius  rods  serve  also  as  brake  torsion  members,  and 
these  should  also  be  calculated  as  to  the  torsional  strains  pro- 
duced in  them,  which  can  be  done  by  the  same  method  as  used 
for  calculating  the  torque  rod  of  bevel  and  worm  driven  axles. 
Such  radius  rdds  are  generally  made  of  I  section,  often  with 
parts  of  the  web  left  out,  and  for  commercial  vehicles  they  arc 
mostly  made  of  cast  steel. 

In  designing  radius  rods,  the  designer  should  look  to  it  that 
the  adjusting  members  are  readily  accessible.  Means  must  be 
provided  for  taking  up  all  play  between  adjusting  members,  as 
else  the  joints  will  be  quickly  worn  out  by  the  shocks  of  the 
drive.  Grease  cups  msut  be  provided  for  all  bearings,  even  those 
having  but  a  very  slight  motion. 

Effect  of  Spring  Play  on  Chain  Drive.— In  Fig.  201  is 
shown  a  chain  drive  in  diagram  in  two  different  positions,  the 
springs  being  assumed  to  be  distended  and  compressed,  re- 
spectively. The  sprocket  pinion  is  supposed  to  have  fifteen 
teeth,  and  the  sprocket  wheel  forty-five.  The  distance  between 
centres  is  assumed  to  be  28  inches,  and  the  total  vertical  motion 
of  the  springs  6  inches.  By  using  these  figures  a  direct  com- 
parison with  the  bevel  gear  drive  is  possible,  although  in  one  re- 
spect this  comparison  is  not  on  the  proper  basis,  since  the  pro- 
peller sha^t  of  a  shaft  driven  car  is  nearly  always  made  consid- 
erably longer  than  the  radius  rod  of  an  equivalent  chain  driven 
car.  We  will  assume,  as  in  the  case  of  the  bevel  gear  drive,  that 
when  the  springs  are  compressed  the  line  of  centres  is  horizontal. 
Then  when  the  springs  distend,  the  line  of  centres  moves  through 
an  angle  a  determined  by  the  relation 
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Referring  to  Fig.  201,  a  portion  of  the  chain  whose  length  is 

A  B  =  ^ — ?  inches 
360 

winds  up  on  the  sprocket  wheel  and  a  portion  whose  length  is 

Tda 

C  D  =  ^-7—  inches 

300 

unwinds  from  the  sprocket  pinion.    The  length  of  chain  between 

the  extreme  points  of  contact  on  the  two  sprockets  (,EB^  C A) 

remains  the  same.     Since  the  length  of  chain  which  unwinds 

from  the  pinion  is  not  equal  to  that  which  winds  up  on  the 


Fig.  201.^— Diagram  Illustrating  Effect  of  Spring  Action  on 
Chain  Drive. 

wheel,   if   we   assume   that  the   wheel    remains   stationary   the 
sprocket  must  turn  to  unwind  a  length  of  chain 

v(D  —  d)  a 

AB'—CD— -T- inches. 

300 

It  must  turn  in  the  forward  direction  when  the  springs  dis- 
tend and  in  the  backward  direction  when  they  compress. 
A  motion  of 


360 


inches 


on  the  circumference  of  the  sprocket  pinion  corresponds  to  an 
angular  motion 


G  = 


D- 


a  decrees. 


It  will  be  seen  from  this  that  when  Z?  =  rf— that  is,  when  the 
two  sprockets  are  of  the  same  size— the  spring  action  has  abso- 
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lutely  no  effect  on  the  drive,  and  the  effect  is  the  less  the  smaller 
the  difference  in  the  sizes  of  the  two  sprockets.  In  the  case  of  our 
example,  since  D  is  substantially  equal  to  i8  inches  and  d  to  6 
inches,  and  a  =  12**  21',  the  angular  motion  of  the  sprocket  pinion 
corresponding  to  a  spring  play  of  6  inches  is 


(^r-l 


12*^21^  =  24*^42^ 


This  is  considerably  less  than  the  angular  motion  found  for 
the  case  of  the  bevel  gear  drive  with  single  universal  joint,  viz., 
37"  30'- 

The  above  analysis  brings  out  another  reason  for  making  the 
reduction  ratio  in  the  chain  drive  as  small  as  possible. 

Chain  Cases.— Chain  cases  are  made  of  sheet  steel,  cast  steel 
or  cast  aluminum.  A  design  of  chain  case  intended  for  a  high 
grade  pleasure  car  is  illustrated  in  Fig.  202.  The  housing  is  made 
in  two  main  parts.  The  upper  part  is  clamped  and  bolted  to 
the  radius  rod  ^nd  the  lower  part  is  hinged  to  the  upper  part, 
the  hinge  being  at  the  rear  end.  The  parts  overlap  at  the  divid- 
ing line  so  as  to  insure  a  substantially  oil-tight  joint.  In  the 
outer  side  of  the  case  circular  openings  are  left  which  are  large 
enough  for  the  sprockets  to  pass  through.  The  opening  for 
the  front  sprocket  is  closed  by  a  bowl-shaped  piece  of  sheet 
metal  with  double  rim  which  is  held  in  place  by  being  clamped 
between  the  two  parts  of  the  case,  whereas  the  opening  for  the 
rear  sprocket  is  closed  by  a  ring  bolted  to  one  of  the  parts  and 
making  a  tight  joint  with  the  brake  drum  by  means  of  a  felt 
ring  in  a  suitably  formed  groove.  There  is  an  inspection  hole 
in  the  upper  part  which  is  closed  by  a  hinge  cover.  It  is  located 
near  the  front  sprocket  where  access  to  it  is  not  interfered 
with  by  the  driving  wheel. 

The  radius  rod  has  a  long  bearing  on  the  axle,  and,  of  course, 
is  rigid  in  the  transverse  direction.  The  upper  part  of  the  case  is 
securely  fastened  to  the  rod  at  various  points  of  its  length. 
Near  its  forward  end  the  radius  rod  forms  a  loop  spanning  the 
jackshaft  bearing  bracket.  The  bearing  bracket  is  surrounded 
by  a  yoke  made  in  halves  riveted  together,  with  guiding  shanks 
extending  in  the  direction  of  the  rod.  One  of  these  shanks  is 
surrounded  by  a  sleeve  having  a  threaded  seat  in  the  end  of  the 
rod.  In  order  to  get  the  yoke  and  the  threaded  sleeve  into 
place  the  two  bearings  for  these  parts  in  the  radius  rod  have  to 
be  made  with  separate  caps. 

A  form  of  cast  steel  chain  case  is  illustrated  in  Fig  203.     It 


Digitized  by  VjOOQ IC 


THE 


CHAl^ 


DRIVE. 


805 


u 


i 

U4 


Digitized  by 


Google 


306 


THE  CHAIN  DRIVE. 


is  made  in  quarters,  as  shown,  and  bolted  together.  The  case 
also  serves  as  a  radius  rod  and  brake  support  and  is  strength- 
ened for  these  purposes  by  ribs  and  bosses  suitably  located.  The 
chain  tension  is  adjusted  by  means  of  an  eccentric  plate  sur- 
rounding the  bearing  housing  and  secured  to  the  casing  by  means 
of  cap  screwa.  The  joint  between  the  eccentric  plate  and  the 
bearing  housing  is  of  the  ball  and  socket  type,  so  as  to  avoid 
straining  the  case. 
A   similar  adjustment  has  been  proposed   in  which   a  single 


Fig.  203.— Cast  Steel  Chain  Case. 

eccentric  is  used  with  worm  wheel  teeth  cut  on  its  circumference, 
with  which  mesh  the  teeth  of  a  worm  journaled  in  the  walls  of 
the  case.  Both  the  eccentric  and  the  worm  and  worm  wheel 
being  self-locking,  no  special  locking  device  is  required. 

Another  possible  method  of  chain  adjustment  in  connection 
with  a  case  consists  in  placing  a  square  bearing  block  around 
the  end  of  the  jackshaft  tube,  sliding  in  a  rectangular  groove 
in  the  case  and  adjusted  either  by  opposite  set  screws  through 
lugs  on  the  case  or  by  screw  wedges  back  of  the  bearing  block. 

Owing  to  the  difficulties  encountered  in  devising  chain  adjust- 
ing means  in  connection  with  chain  cases,  it  is  desirable  to  make 
the  range  of  adjustment  as  small  as  permissible.  It  must  be 
possible  to  adjust  the  centre  distance  enough  to  vary  the  chain 
length  one  complete  pitch.  This  necessitates  a  change  in  tlte 
centre  distance  of  substantially  one-half  a  pitch. 

Dead   Rear  Axles. — Dead   rear   axles  are  made  of  square. 
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rectangular  or  circular  cross  section,  the  rectangular  section 
predominating  in  recent  designs.  By  far  the  greatest  strain  on 
the  axle  results  from  the  vertical  bending  moment  due  to  the 
load  on  the  springs,  and  therefore  it  is  not  to  be  wondered  at  that 
a  section  is  employed  which  provides  greater  vertical  than  hori- 
zontal strength.  The  ratio  of  the  height  of  the  section  to  its 
width  varies  from  about  i^  to  i^.  In  calculating  the  neces- 
sary section  of  the  axle  a  stress  of  15,000  pounds  per 
square  inch  can  be  allowed  for  hammered  medium  carbon  steel. 
Some  manufacturers  allow  20,000  pounds,  but  the  lower  figure 
is  better.  Thus,  let  L  be  the  load  supported  by  one  driving 
wheel  when  the  car  is  fully  loaded;  /,  the  distance  of  the 
spring  centre  from  the  wheel  centre;  b,  the  width  of  the  axle 
section,  d  its  height,  and  r  the  ratio  of  d  to  b.  Then  the  bending 
moment  on  the  axle  is  L  /  and  the  resisting  moment  is 


Hence 


and 


6r 


Z/  = 


dKS 
6r 


(61) 


Having  found  the  height  of  the  section  the  width  is  found  by 
merely  dividing  by  the  assumed  ratio  r. 
Some  manufacturers  forge  the  spring  seats  integral  with  the 


Fig.  204. — ^Dead   Rear  Axle. 

axle,  while  others  make  them  separate.  Beyond  the  spring  seat 
the  axle  is  made  of  round  section  to  form  a  seat  for  the  radius 
rod.  In  some  cases,  owing  to  lack  of  space  between  the  sprocket 
wheel  and  spring,  the  radius  rod  is  placed  on  the  inside  of  the 
spring.  However,  the  more  common  and  the  preferable  arrange- 
ment is  to  place  the  rod  close  to  the  chain,  so  that  the  bending 
moments  of  the  chain  pull  may  be  kept  as  low  as  possible.  That 
section  of  the  axle  which  serves  as  seat  for  the  radius  rod  or 
brake  support  is  always  limited  by  a  flange  at  the  inner  end,  and 
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sometimes  also  at  the  outer  end,  in  which  latter  case  the  radius 
rod,  etc.,  must  be  made  with  a  separate  cap.  Beyond  this  por- 
tion comes  the  axle  spindle  which  usually  has  seats  for  two  anti- 
friction bearings  of  different  size,  and  at  the  end  a  threaded 
portion  over  which  screws  a  nut  which  holds  the  inner  races  of 
both  bearings  in  place,  a  spacer  being  placed  between  the  two 
inner  races.    A  typical  rear  axle  is  illustrated  in  Fig.  204. 

The  Jackshaft— In  the  earlier  cars  with  side  chain  drive  the 
bevel  gear  set  and  differential  on  the  jackshaft  were  usually  en- 
closed in  the  rear  part  of  the  change  gear  box,  and  Oldham 
couplings  were  inserted  in  the  two  halves  of  the  jackshaft  How- 
ever, it  has  now  become  the  common  practice  to  make  the  jack- 
shaft  of  the  same  generai  form  as  a  bevel  gear  driven  rear  axle. 


Fig.  205.— Jackshaft  End  and  Support. 

using  either  a  pressed  steel  or  built-up  housing  which  extends 
across  the  frame  and  is  supported  from  the  frame  side  members. 
The  change  gear  case  can  either  be  bolted  to  the  rear  axle  hous- 
ing, it  can  be  placed  somewhere  between  the  engine  and  the  jack- 
shaft,  pr  it  can  be  combined  with  the  engine  into  a  unit  power 
plant.  The  first  arrangement  is  the  most  common.  The  same  as  the 
rear  axle,  the  jackshaft  may  be  made  either  full  floating  or  semi- 
floating;  that  is,  the  outboard  bearings  may  be  placed  either  in- 
side a  bearing  housing  secured  to  the  end  of  the  jackshaft  tube, 
or  they  may  be  placed  on  the  outside  of  the  tube.  Fig.  205 
shows  a  typical  design  of  a  jackshaft  end,  including  the  bearing 
bracket,  bearing  housing,  radius  rod  end  and  sprocket  pinion. 
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The  automobile,  being  essentially  a  high  speed  vehicle,  re- 
quires powerful  and  dependable  brakes  for  its  safe  operation. 
Aside  from  the  fact  that  the  engine  is  occasionally  used  as  a 
brake  (as  described  in  Volume  i,  Chapter  XVII)  and  that  in 
cars  with  friction  drive  or  planetary  change  speed  gears  the  re- 
verse gear  may  be  used  to  retard  the  speed  or  bring  the  vehicle 
to  a  stfop,  drum  brakes  are  invariably  used  on  automobiles. 
These  consist  of  a  steel  or  cast  iron  drum  secured  to  some  rotat- 
ing part,  either  the  road  wheels  or  a  part  in  permanent  driving 
connection  therewith,  and  an  expanding  or  contracting  member 
supported  by  the  vehicle  frame  or  axle  which  can  be  brought  into 
frictional  contact  with  the  rotating  member.  When  this  expand- 
ing or  contracting  friction  member  is  pressed  against  the  surface 
of  the  drum,  the  friction  created  tends  to  stop  the  drum  and  its 
connected  parts  from  revolving.  The  energy  dissipated  in  heat 
at  the  friction  surface  of  the  drum  is  withdrawn  from  the  kinetic 
energy  stored  in  the  moving  vehicle,  and  the  speed  of  the  vehicle 
decreases  as  its  store  of  kinetic  energy  is  depleted.  The  con- 
tracting and  expanding  brakes  are  shown  in  diagram  in  Fig.  206, 
the  black  circles  representing  the  brake  drums. 

Number  of  Brakes. — In  several  States  of  the  Union  and  in 
most  foreign  countries  two  independently  acting  braking  systems 
are  required  by  law,  and  sometimes  it  is  stipulated  that  at  least 
one  of  these  braking  systems  must  act  directly  on  the  road 
wheels.  What  is  here  referred  to  as  a  braking  system  consists 
of  a  single  drum  and  frictional  member  if  it  is  located  ahead  of 
of  the  differential  gear,  as  on  one  of  the  change  gear  shafts ;  and 
of  two  drums  and  frictional  members  when  located  beyond  the 
differential  gear,  as  on  the  wheel  hubs. 

In  horse  vehicles  the  brakes  are  generally  applied  to  the  wheel 
tires.  Automobiles  are  almost  invariably  fitted  with  rubber  tires, 
and  while  the  application  of  brakes  to  these  tires  would  un- 
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doubtedly  prove  very  effective,  rubber  is  too  expensive  to  make 
this  practice  commercially  possible.  Therefore,  it  is  customary 
to  secure  a  metal  drum  to  the  road  wheels  on  which  the  friction 
members  act. 

Location  of  Brakes. — ^The  brake  drums  may  be  fitted  to 
either  the  rear  wheels  or  the  front  wheels.  Rear  wheel  braking 
has  the  advantage  that,  as  a  rule,  the  rear  wheels  support  much 
more  of  the  weight  of  the  car  and  the  load  than  the  front  wheels, 
and  since  the  limiting  brake  power  depends  upon  the  ground 
adhesion  of  the  road  wheeels,  which  in  turn  depends  upon  the 
weight  carried  by  the  wheels,  it  is  seen  that  rear  wheel  brakes 
have  a  greater  limiting  power  than   front  wheel  brakes.     Be- 


FiG.  206.    Diagrams  of  Contracting  and  Expanding  Brakes. 

sides,  much  less  difficulty  is  encountered  in  making  connections 
from  the  operating  devices  on  the  frame  to  brakes  on  the  rear 
wheels  whose  planes  always  retain  the  same  position  relative  to 
the  frame,  than  to  brakes  on  the  pivotally  mounted  front  wheels. 
Front  wheel  brakes  have  the  advantage  that  an  application  of  the 
brakes  does  not  tend  to  cause  the  car  to  skid,  as  does  the  applica- 
tion of  rear  wheel  brakes-^at  least  not  in  the  same  degree.  Front 
wheel  brakes  have  been  used  to  some  extent  in  England  and  on 
the  Continent,  but  are  practically  unknown  in  this  country. 

In  a  bevel  gear  driven  car  either  both  brakes  may  act  on  drums 
secured  to  the  rear  wheels  or  one  brake  may  act  on  drums  so 
located,  and  the  other  on  a  drum  located  back  of  the  change  gear 
box.    Of  the  pleasure  cars  exhibited  at  the  1912  New  York  shows, 
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93  per  cent,  had  both  sets  of  brakes  located  at  the  rear  wheels 
and  7  per  cent,  had  one  brake  on  the  transmission  shaft.  In 
Europe,  on  the  other  hand,  it  is  the  almost  exclusive  practice  to 
place  one  brake  close  to  the  gear  box  and  the  other  on  the 
wheels. 

In  one  respect  the  proper  location  for  the  brakes  is  as  close  to 
the  road  wheels  as  possible,  because  the  reaction  due  to  the  fric- 
tional  force  on  the  brake  surface  takes  effect  at  the  road  contact 
of  the  wheel,  and  the  closer  the  points  of  application  of  the 
braking  force  and  the  point  of  its  final  reaction  are  together, 
the  fewer  parts  are  subjected  to  strain.  With  brakes  on  the 
hubs  of  the  rear  wheels  only  these  wheels  are  subjected  to  the 
strain,  whereas  if  the  brake  is  located  back  of  the  change  speed 
gear  the  braking  force  has  to  be  transmitted  through  the  pro- 
peller shaft,  universal  joints,  bevel  driving  gear  set,  rear  axle 
shafts,  rear  wheel  driving  dogs  and  rear  wheels.  One  reason 
that  leads  some  designers  to  use  a  so-called  transmission  brake  is 
that  they  want  to  enclose  all  of  their  brakes,  which  compels  them 
to  use  the  expanding  type  of  hub  brakes,  the  only  type  lending 
itself  to  complete  enclosure;  and  since  conditions  of  space  avail- 
able make  it  difficult  to  fit  two  internal  expanding  brakes  to  each 
wheel,  they  place  one  brake  back  of  the  cliange  speed  gear.  As 
regards  the  objection  to  the  transmission  brake  above  mentioned, 
they  argue  that  the  various  parts  which  have  to  transmit  the 
braking  force  must  be  designed  strong  enough  to  transmit  the 
maximum  propelling  force,  which  is  about  equal  to  the  maximum 
braking  force,  hence  these  parts  should  not  be  injured  by  the 
latter  force.  An  advantage  of  the  transmission  brake  is  that, 
since  the  braking  force  is  multiplied  by  the  rear  axle  driving  gear, 
a  great  retarding  effect  can  be  produced  with  a  comparatively 
small  operating  effort. 

But,  as  stated,  the  transmission  brake  is  very  little  used  on 
pleasure  cars  in  this  country  at  present  and  is  constantly  losing 
ground.  There  are  three  arrangements  of  double  rear  wheel 
brakes,  all  in  practical  use,  viz.,  two  internal  brakes  acting  on  the 
same  drum,  one  internal  and  one  external  brake  on  the  same 
drum,  and  two  internal  brakes  on  concentric  drums. 

On  commercial  vehicles  with  side  chairi  drive  it  is  the  practice 
to  place  one  set  of  brakes  on  the  rear  wheels  and  the  other  on  the 
ends  of  the  jackshaft.  If  the  worm  drive  is  used,  one  brake  may 
be  placed  on  the  transmission  shaft  and  the  other  set  on  the  rear 
wheels. 
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Service  and  Emergency  Brak:e8.-^ne  set  of  brakes  is  gen- 
erally designated  as  the  service  brake  and  is  intended  for  all 
ordinary  occasions.  It  is  operated  by  means  of  a  pedal  or  foot 
lever,  because  the  driver  can  keep  one  foot  on  the  brake  pedal 
all  the  time  and  therefore  can  operate  such  a  brake  with  a  mini- 
mum of  effort.  The  other  brake  is  known  as  the  emergency 
brake  and  is  intended  for  use  only  in  case  the  service  brake  fails 
or  when  an  exceedingly  strong  braking  action  is  required  This 
emergency  brake  is  generally  operated  by  a  hand  lever  located  at 
the  side  of  the  driver's  seat.  If  the  car  is  fitted  with  a  "trans- 
mission" brake,  the  latter  is  usually  the  service  brake. 

Calcttlation  of  Braking  Power.— The  emergency  brakes  at 
least  are  generally  made  sufficiently  powerful  to  slip  the  wheels 
of  the  car  on  dry  road  surface.  Assuming  that  six-tenths  of  the 
total  weight  of  the  car  and  load  rests  on  the  rear  wheels,  and  that 
the  ground  adhesion  is  0.6.  the  maximum  brake  force  is 
0.6x0.6  JV  =  0.36  JV, 

Suppose  that  the  car  is  traveling  at  a  speed  V  miles  per  hour 
=  1.466  V  feet  per  second.    Then  the  kinetic  energy  stored  up  in 

fviT^466yy^pvy^^^p^^^ 
ig  30 

Now  let  the  brakes  be  applied  so  as  to  lock  the  wheels  and  the 
car  be  stopped  after  running  a  distance  x.    Then 

0.36  ^x=^^' 

and 

10.8 

This  equation  gives  the  minimum  theoretical  distance  in  which 
a  car  can  be  stopped,  provided  six-tenths  of  the  total  load  rests 
on  the  rear  wheels.  If  a  greater  proportion  of  the  load  is  carried 
by  the  rear  wheels  the  minimum  stopping  distance  will  be 
smaller.  It  will  be  seen  that  the  distance  is  proportional  to  the 
square  of  the  initial  speed. 

In  some  official  trials  held  by  the  Automobile  Qub  of  America 
on  Riverside  Drive,  New  York  Gty,  in  May,  1902,  the  average 

distance  in  which  the  cars  came  to  a  stop  was     - —    ieei.    In  a 

6.7 

recent  unofficial  test  on  a  macadam  pavement  on  Kings  Highway, 
Long  Island,  New  York,  a  car  was  brought  to  a  stop  from  vari- 
ous speeds  in  distances  which  may  be  represented  by  the  ex- 
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pression •    It  should  be  pointed  out  that  it  is  very  diflkult 

i7'4 
to  obtain  uniform  results  in  such  tests;  first,  because  the  results 
vary  with  the  gradient,  with  the  direction  and  strength  of  air 
currents  and  with  the  road  conditions,  and  second,  because  it  is 
practically  impossible  to  insure  that  the  driver  shall  shut  off  his 
power  and  apply  his  brakes  exactly  at  a  given  point  along  the 
road. 

Determination  of  Dimensions. — ^The  two  considerations 
which  determine  the  size  of  brake  drums  are  that  the  brakes  must 
be  powerful  enough  to  practically  slip  the  wheels,  and  the  radiat- 
ing surface  of  the  brakes  must  be  large  enough  to  prevent  undue 
heating  on  long  down  grades.  Besides,  the  larger  the  brake  sur- 
faces, the  longer  the  friction  linings  will  last. 

The  drums  of  hub  brakes  on  pleasure  cars  are  generally  made 
of  a  diameter  equal  to  35-45  P^^  cent,  of  the  wheel  diameter, 
while  in  heavy  motor  trucks  the  brake  drum  diameter  is  made 
as  high  as  55  per  cent,  of  the  wheel  diameter.  On  pleasure  cars 
the  hub  brakes  should  have  a  friction  surface  equal  to  i  square 
inch  per  15  pounds  of  car  weight;  the  transmission  brakes,  i 
square  inch  per  30  pounds  of  car  weight.  On  commercial  v^ 
hides,  the  hub  brakes  should  have  i  square  inch  per  30  pounds 
of  car  weight  loaded;  jack  shaft  brakes,  running  at  a  speed 
intermediate  between  engine  and  rear  wheel  speed,  i  square  inch 
per  85  pounds  of  car  weight,  loaded,  and  transmission  brakes 
of  commercial  vehicles  running  at  engine  speed,  i  square  inch 
per  175  pounds  of  car  weight,  loaded.  Considerable  latitude  is 
permissible  as  regards  the  relation  of  face  width  to  diameter  in 
transmission  brakes,  and  no  general  rules  can  be  given.  If  the 
brake  is  located  at  the  middle  of  the  frame  where  there  is  ample 
room  in  the  direction  of  its  axis,  it  is  usually  made  comparatively 
wide  and  of  small  diameter,  whereas  if  the  brakes  are  at  the  side 
of  the  frame,  where  space  in  the  axial  direction  is  limited,  the 
drum  diameter  has  to  be  made  somewhat  larger. 

Brake  Drums. — ^The  drums  of  hub  brakes  are  now  almost 
invariably  made  of  pressed  steel  and  in  many  cases  the  brake 
drum  serves  also  as  the  loose  flange  of  the  artillery  wheels. 
The  thickness  of  the  metal  is  made  yi  inch  for  cars  weighing 
with  load  up  to  1,800  pounds;  A  inch  up  to  4,000  pounds;  H 
inch  up  to  7,000  pounds;  ^  inch  up  to  12,000  pounds,  and  }i 
inch  above  12,000  pounds.  If  the  brake  drum  serves  as  a  hub 
flange  it  is  generally  pressed  with  an  inner  cylindrical  flange 
fitting  over  a  machined  portion  of  the  hub.    In  this  case  the  drum 
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is  held  in  position  by  the  hub  bolts.  If  the  drum  is  not  part  of 
the  wheel  it  may  be  clamped  to  the  spokes  by  means  of  clips. 
A  typical  design  of  pressed  steel  brake  drum  is  shown  in  Fig. 
207. 

Contracting  Brakes. — ^The  contracting  members  of  contract- 
ing brakes  are  either  made  in  the  form  of  bands  of  thin  rolled 
steel  encircling  nearly  the  whole  drum,  or  they  may  be  made  in 
the  form  of  two  sectors,  either  of  rolled  steel  or  of  cast  material 
— steel  or  malleable  iron.  The  contracting  members  are  generally 
lined  with  an  asbestos  and  wire  fabric,  of  which  there  are  several 
on  the  market — ^Raybestos,  Thermoid,  Non-Burn,  etc — this  lining 


Fig.  207.— Pressed  Steel  Brake  Drum. 

being  secured  to  the  metal  band  or  segment  by  means  of  copper 
rivets.  Th6  friction  coefficient  of  asbestos  on  steel  is  about  0.25. 
The  contracting  members  must  be  supported  in  a  substantial 
manner,  as  the  reaction  of  the  braking  force  must  be  taken  up 
by  the  support.  In  early  designs  of  band  brakes  it  was  cus- 
tomary to  fasten  one  end  of  the  band  to  the  support  and  exert 
a  pull  on  the  other  end.  This  gives  a  very  powerful  braking 
effect  for  one  direction  of  motion— the  forward  direction— be- 
cause the  friction  between  band  and  drum  tends  to  apply  the 
band  tighter  to  the  drum.  But  when  the  car  runs  backward, 
down  hill  for  instance,  the  friction  tends  to  unwind  the  band 
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and  the  braking  effect  is  then  very  small.     Such  brakes  are' 
known  as  single  acting  and  are  no  longer  used. 

In  order  to  obtain  a  double  acting  effect,  contracting  brakes  are 
now  always  anchored  directly  opposite  the  contracting  mechan- 
ism. Brake  segments  are  formed  with  eyes  for  the  anchorage 
joint,  and  steel  bands  have  a  fitting  riveted  to  them  which  serves 
the  sanre  purpose.  The  support  is  usually  a  bracket  secured  to 
the  rear  axle  tube,  and  in  a  few  cases  the  radius  rod. 


Fig.  208.— Contracting  Band  Brake. 

So  far  as  contracting  type  hub  brakes  are  concerned,  a  single 
style  of  contracting  mechanism  is  used  for  the  great  majority 
of  designs.  It  consists  of  a  floating  bell  crank  as  shown  in 
Fig.  20a 

One  end  of  the  brake  band  is  connected  by  means  of  a  riveted 
bracket  to  the  end  of  the  shprt  arm  and  the  other  end  connects 
through  a  short  link  to  the  fulcrum  of  the  bell  crank.  The 
operating  rod  is  connected  to  the  long  arm  of  the  bell  crank. 
The  link  is  hinged  to  the  free  end  of  the  brake  band  and  passes 
through  the  fulcrum  pin,  the  bell  crank  being  forked  at  its  lower 
end.  A  butterfly  nut  is  screwed  over  the  end  of  the  link  and 
provides  convenient  means  of  adjustment  for  wear.  The  adjust- 
ment is  locked  by  the  spring  surrounding  the  link,  which  forces 
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the  arms  of  the  bell  crank  over  the  flattened  end  of  the  wing 
nut,  thus  preventing  it  from  turning.  The  coiled  spring  at  the 
same  time  helps  to  release  the  band  when  the  pressure  is  taken 
off  the  brake  lever. 

There  is  one  other  form  of  contracting  mechanism  for  hub 
brakes,  consisting  of  a  short  double  armed  lever  with  pins  ex- 
tending laterally  from  the  ends  of  its  arms  to  which  the  ends 
of  the  brake  band  are  hinged,  and  an  operating  shaft/ rigidly 
supported,  extending  from  it  laterally  in  the  opposite  direction 
(Fig.  209). 


Fig.  209. — Double- 
Armed  Lever  Con- 
tracting     Mech- 


FiG.  210. — Adjustable 
Brake  Band  Support. 


ANISM. 

Releasing  Means — In  addition  to  providing  a  substantial 
support  for  the  brake  band  and  an  effective  contracting  mechan- 
ism, it  is  necessary  to  provide  means  which  will  prevent  dragging 
of  any  part  of  the  brake  band  when  released.  In  order  to  pre- 
vent dragging  near  the  point  of  anchorage,  a  portion  of  the  band 
extending  over  a  considerable  angle  on  both  sides  of  the  anchor- 
age may  be  left  unlined,  or  else  the  hole  in  the  anchoring  fitting 
may  be  made  oblong  in  the  radial  direction  so  that  the  brake 
band  can  move  outward  when  released.  Such  outward  movement 
is  insured  by  placing  a  spring  at  the  point  of  anchorage  soliciting 
the  band  radially  outward,  or  by  placing  stops  at  120  deg/ees 
(more  or  less)  on  either  side  of  the  point  of  anchorage  which 
limit  the  outward  movement  of  the  band  at  these  points  and 
thus  tend  to  distribute  the  clearance  evenly  around  the  circum- 
ference of  the  drum. 
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The  contracting  mechanism  may  be  placed  on  top  of  the  drum 
or  on  the  forward  side  of  it.  The  latter  is  the  favorite  location, 
partly  because  it  brings  the  brake  connecting  rods  into  a  more 
convenient  level  and  partly  because  with  the  split  in  the  band  at 
the  side  of  the  drum,  mud  dropping  from  the  wheel  cannot  so 
easily  work  between  the  band  and  drum. 

Owing  to  the  fact  that  the  brake  band  is  firmly  supported  at 
one  side  only,  at  the  anchorage,  when  released  it  tends  to  drop 
on  to  the  drum  on  top  and  thus  drag.  In  order  to  prevent  this 
a  brake  band  carrier  is  usually  placed  on  top  of  the  brakes.  In 
Fig.  208  this  takes  the  form  of  a  little  angle  piece  riveted  to 
the  brake  support  disc  and  extending  across  the  top  of  the  brake 
band  underneath  a  little  flat  spring  extending  circumferentially 
of  the  band  and  being  riveted  to  it.  When  the  brake  is  released 
the  spring  lifts  the  band  off  the  drum,  but  when  it  is  applied, 
the  spring  flexes  slightly  and  allows  the  band  to  come  in  contact 
with  the  drum.  Sometimes  three  of  these  brake  band  carriers 
are  used,  spaced  equally  around  the  circumference,  and  in  some 
designs  the  brackets  themselves  are  springs. 

The  band  supporters  are  not  adjustable  and  must  tlierefore  be 
very  accurately  made  and  fitted.  Besides,  if  some  means  of  ad- 
justment were  provided,  less  clearance  would  suffice.  An  ad- 
justable supporter  is  shown  in  Fig.  210.  A  threaded  pin  riveted 
into  the  brake  band  extends  vertically  upward  at  the  top  of  the 
brake  through  a  hole  in  an  angle  piece  secured  to  the  brake  sup- 
port disc.  A  coiled  spring  is  placed  on  top  of  this  angle  piece 
and  presses  against  a  castellated  nut  on  the  end  of  the  threaded 
pin. 

Contracting  Transmission  Brakes — In  European  cars  the 
service  brake  is  generally  located  at  the  rear  end  of  the  change 
gear  primary  shaft  and  both  expanding  and  contracting  types  are 
used  at  this  point,  the  latter  being  perhaps  the  most  numerous. 
Most  of  the  contracting  brakes  have  cast  sectors,  and  these  are 
contracted  by  means  of  cither  one  or  two  pairs  of  face  cams 
or  by  a  square  threaded  screw  and  nut  mechanism.  Continental 
manufacturers  generally  cast  four  or  five  circumferential  ribs 
on  the  brake  segments  (Fig.  211)  to  help  carry  off  the  heat  in 
making  long  descents.  The  brake  drum  of  a  transmission  brake 
is  generally  a  casting  keyed  to  the  rear  end  of  the  gear  box 
primary  shaft  and  often  has  two  lugs  cast  on  its  web  which 
form  part  of  the  universal  joint.  The  brake  segments  are 
anchored  to  the  gear  box  and  the  stops  and  supports  of  the 
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Fig.  211.— Brake  Segment  With  Cooling  Flanges. 

contracting  mechanism  also  are  secured  thereto.  Fig.  212  illus- 
trates a  design  of  Contracting  transmission  brake  with  face  cam 
contracting  mechanism.  These  brakes  generally  have  metallic 
friction  surfaces.  The  Chalmers  transmission  brake,  which  is  of 
the  lever  operated  band  type,  is  illustrated  in  Fig.  213. 


Fig.  212.— Contracting  Type  of  Transmission  Brake,  ' 
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Stresses  in  Brake  Members — We  have  assumed  the 
rnkximum  braking  force  to  be  equal  to  36  per  cent  of  the  total 
weight  of  the  car  and  load.  The  braking  force  being  produced 
on  two  wheels,  that  on  each  wheel  is  0.18  IV,  Now  let  the  wheel 
diameter  be  D  and  the  brake  drum  diameter  d,  then  the  tan- 
gential force  on  the  circumference  of  the  brake  drum  is 

D 


F=o.iS 


IV 


The  reaction  due  to  this  force  is  taken  up  in  the  brake. sup- 


FiG.  213. — Chalmers  Contracting  Band  Transmission  Brake. 

port    In  Fig.  214,  F  represents  the  reaction  of  the  support  on 
the  brake  band.    Each  half  of  the  band  covers  an  angle  of  about 


165  degrees  = 


II 
12 


In  calculating  the  forces  on  the  brake  band, 


use  is  made  of  the  method  developed  in  connection  with  band 
clutches,  the  band  brake  and  band  clutch  depending  upon  the 
same  principle.  We  found  (equation  19)  that  the  relation  be- 
tween the  initial  tension  Px  on  the  band  and  the  pull  P  on  th< 
anchorage  is  such  that 
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where  e  is  the  base  of  the  Naperian  system  of  logarithms;  f  the 
friction  coeflficient  and  9  the  arc  of  contact  between  band  and 
drum  in  circular  measure.     With  a  friction  cocflficient  of  0.25 

and  an  arc  of  contact  for  each  half  of  the  band  of     —  •"  ' 

12 

the  value  of  /  ©  is  0.72,  and  the  value  of  e^      is  found  to  be 

2.08.    (See  Fig.  36.) 


Fig.  214. — Diagram  of  Forces  on  a  Band  Brake. 

In  Fig.  214  let  us  denote  the  tension  on  the  band  at  point  A 
by  X,    Then  the  tension  at  the  section  BB  just  ahead  of  the  point 

of  anchorage  is      — ^  •       The  tension  at  the  section  CC,  just  be- 
2.08 

yond  the  point  of  anchorage,  is  -^  +  F  and  the  tension  at  the 


2.08 


point  D  is 


2.08 
2.08 


+  /• 
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Hence  the  tensions  at  the  two  ends  of  the  band  are  x  and 

-^ respectively.    A  relation  between  these  two  forces  can 

2.08  ^ 

be  found  from  the  diagram  of  forces  acting  on  the  contracting 
bell  crank. 

It  will  be  seen  that  the  reaction  on  the  fulcrum  of  the  bell 
crank  must  be  equal  in  magnitude  and  direction  to  the  tension  at 
the  end  D  of  the  band,  and  the  dotted  line  KH  represents  this 
force.  This  reaction  is  the  resultant  of  the  forces  acting  on  the 
arms  of  the  bell  crank.  We  will  assume  that  the  brake  rod  con- 
necting to  the  vertical  arm  lies  in  a  horizontal  plane,  hence  the 
pull  on  this  rod  is  horizontal.  The  force  on  the  short  arm  of 
the  bell  crank  is  tangential  to  the  extreme  point  of  contact  of 
this  half  of  the  band.  This  enables  us  to  complete  the  diagram 
of.  forces  KHI,  From  this  we  see  that  with  this  particular  de- 
sign of  band  and  operating  bell  crank  the  tensions  at  the  two 
ends  of  the  band,  K  H  and  K  I,  are  equal.    Hence 

2.08 


*  ~"      2.08 

2.08*=-^  +  /^ 
2.08 

3.326  jr  =2.08  F 

jr=o.624F 

Inserting  the  value  of  F  found  previously  we  have 

JT =0.624x0.18—  W 
d 

The  diagram  also  enables  us  to  determine  the  proper  length 
for  the  effective  lever  arm  KG. 

In  order  that  the  operating  mechanism  may  be  in  equilibrium, 
the  moments  around  any  point  must  vanish.  Taking  moments 
around  the  fulcrum  K — 

Hl^KGz^Kly^KA 
and 

KG  =  —  KA 

Let  us  assume  the  case  of  a  car  weighing  with  load  3,000 
pounds,  and  let  the  ratio  of  wheel  diameter  to  brake  drum  dia- 
meter be  25^.    Then  the  reaction  F  on  the  brake  support  is 

o.  18  X  2 J4  X  3,000  =  1 ,350  pounds, 
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and  the  tension  on  each  end  of  the  band  is 
0.624x1,350  =  843  pounds. 

The  angle  between  the  forces  KH  and  KI  being  30  degrees,  the 
value  of  HI  is 

2  KI  sin   i5*  =  2xa43Xo.259=436  pounds. 

Therefore,  the  effective  lever  arm  KG  should  be  to  the  effective 
lever  arm  KA  as  843  is  to  436 ;  in  other  words,  the  former  should 
be  about  twice  as  long  as  the  latter. 

We  now  have  the  following  results : 

Reaction  F  on  brake  anchorage,  1,350  pounds. 

Tension  on  each  end  of  the  band,  843  pounds. 

Tension  in  brake  rod,  436  pounds. 

These  are  extreme  values  and  are  hardly  likely  to  be  attained 
in  practice,  owing  to  the  fact  that  the  limiting  pressure  which 
the  driver  can  exert  on  the  brake  pedal  is  about  100  pounds,  and 
in  order  to  produce  a  tension  of  436  pounds  in  each  of  the  two 
brake  rods,  the  thrust  on  the  pedal  would  have  to  be  multiplied 
more  than  eight  times  by  the  leverage,  which  is  rather  a  higher 
leverage  than  is  obtainable  in  practice. 

The  value  of  the  force  F  on  the  brake  anchorage  permits  of 
calculating  the  necessary  size  of  the  laterally  extending  stud  or 
pin  and  of  the  bracket  which  carries  this  stud.  Thus,  let  the 
entire  overhang  of  the  anchorage  pin  be  2  inches,  so  that  the 
centre  point  of  the  band  overhangs  i  inch.  Then  the  bending 
moment  of  the  force  F  is  1,350  pounds-inches,  and 

=  1,350 

32 

Since  the  force  assumed  is  practically  the  limit  that  can  ever 

come  on  the  brake  support  we  can  make  the  stress  comparatively 

high,  say  20,000  pounds  per  square  inch.    We  then  have 

20,0001^=13,750. 

/>•  =  0.6875. 

D  =  o.SSinch  —  say,  -^  inch. 

8 

Other  parts  of  the  brake  mechanism,  such  as  the  brake  anchor- 
age bracket  and  the  contracting  lever,  can  be  calculated  fo'- 
strength  in  a  similar  manner. 

Expanding  Mechanism — There  are  four  commonly  used 
means  for  expanding  the  sectors  of  internal  brakes,  viz.,  cam, 
toggle,  wedge  and  double-armed  lever  mechanisms.  The  cam  is 
probably  the  most  extensively  used.  Three  designs  of  expander 
cams  are  illustrated  in  Fig.  215.    The  symmetrical  cam  shown  at 
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Fig.  215. — Expander  Cams. 

A  has  flat  sides  and  semi-circular  ends,  and  its  small  diameter  is 
usually  one-half  its  big  diameter.  The  second  design,  B,  has 
practically  the  same  effect  as  the  first,  but  is  preferable  from  the 
standpoint  of  weight  economy,  having  some  useless  metal  cut  out 
The  third  design,  C,  embodies  roller  cam  followers  carried  on  the 
ends  of  the  brake  segments,  the  idea  being  to  minimize  wear  of 
the  working  parts. 

The  segments  of  cam-operated  expanding  brakes  are  provided 
with  fiat  wearing  surfaces  against  which  the  cams  bear,  and 
these  wearing  surfaces  and  the  cams  are  case  hardened.  The 
extreme  motion  provided  for  in  the  case  of  a  14-16-inch  drum 
is  usually  J^  inch  for  the  end  of  each  segment. 


Fig.  216.— Toggle  Expander  Brake. 
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Fig.  216  illustrates  a  brake  with  a  toggle  expanding  mechanism. 
The  ends  of  the  segments  are  connected  by  a  pair  of  toggle  links 
from  the  joint  of  which  runs  another  link  to  a  bell  crank  whose 
shaft  has  a  bearing  in  the  brake  supporting  bracket.  Sometimes 
one  or  both  of  the  toggle  links  are  made  adjustable.  The  toggle 
mechanism,  like  the  cams,  has  the  advantage  that  it  moves  the 
ends  of  the  brake  segments  comparatively  fast  at  first,  but  more 
slowly  as  the  segments  come  in  contact  with  the  drum.  Its 
mechanical  advantage  increases  as  the  segments  are  being  ex- 
panded, consequently  with  a  certain  effort  on  the  part  of  the 
operator,  the  segments  can  be  applied  to  the  brake  drum  with 
greater  force  than  if  the  mechanical   advantage  remained  con- 


FiG.  217.— Wedge 
Expander  Mech- 
anism. 


Fig.  218. — Double- 
Armed  Lever  Ex- 
pander. 


stant  The  toggle  mechanism  is  really  the  only  one  that  can  be 
properly  adjusted  for  wear  of  the  brake  lining,  by  adjusting  the 
length  of  the  toggle  links.  The  only  way  in  which  the  other 
mechanisms  can  be  adjusted  is  to  make  the  expanding  range 
considerably  larger  than  is  necessary  when  the  brake  lining  is 
new,  and  then,  as  the  lining  wears,  adjusting  the  operating  link- 
age outside  the  brake  drum. 

A  wedge  expander  is  shown  in  Fig.  217.  The  ends  of  the  seg- 
ments are  beveled  and  a  wedge  pivoted  to  a  cantilever  is  forced 
between  them.  The  double-armed  lever  mechanism  as  applied 
to  an  expanding  brake  is  shown  in  Fig.  218,  and  is  identical  in 
principle  with  the  double-armed  lever  contracting  mechanism 
already  described. 
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Details  of  Expanding  Bralces — The  anchorage  of  expanding 
brakes  is  always  substantially  opposite  the  expanding  mechanism. 
When  both  internal  and  external  hub  brakes  are  fitted,  the  same 
brake  support  usually  serves  for  both,  but  if  there  are  only  ex- 
panding hub  brakes,  the  brake  supports  may  be  located  inside 
the  brake  drums  to  reduce  the  overhang,  or  the  segments  may 
even  be  supported  symmetrically.  The  brake  segments  are  made 
either  of  malleable  iron  castings,  drop  forgings  or  band  steel. 
When  they  are  drop  forged  or  cast  they  arc  usually  made  of  T- 
section,  while  if  they  are  made  of  band  steel  the  expanding  ends 
are  bent  triangularly  to  form  cam  faces,  or  suitable  lugs  are 
riveted  to  them. 

As  regards  means  for  releasing  the  segments,  they  may  either 
have  a  rigid  hinge  support,  in  which  case  the  friction  facing 
must  not  come  closer  than  about  30  degrees  to  the  point  of 
support,  or  they  may  be  supported  yieldingly  in  the  axial  direc- 
tion, in  which  case  the  friction  material  may  extend  to  the  very 
ends  of  the  segments.  The  first  arrangement  makes  the  simplest 
construction,  as  all  that  is  necessary  to  prevent  dragging  of  the 
segments  when  released  is  to  provide  a  tension  spring  extending 
between  the  two  segments,  preferably  as  close  to  the  ends  as 
possible  without  interfering  with  the  expanding  mechanism. 
With  the  second  arrangement  the  supporting  stud  extends 
through  oblong  holes  in  the  end  of  the  brake  sectors  and  either 
two  or  three  springs  have  to  be  provided  to  insure  clearance 
between  the  segments  and  drum  all  around  when  the  brake  is 
released.  Sometimes  only  a  single  expanding  member  is  used 
(Fig.  216),  forming  almost  a  complete  ring  and  having  an 
anchoring  slot  at  the  middle  of  its  length  into  which  extends  the 
flattened  end  of  the  brake  supporting  arm  or  a  laterally  extend- 
ing stud. 

Expanding  brakes  can  be  calculated  by  the  same  methods  as 
used  for  contracting  band  brakes,  at  least  those  in  which  the 
expanding  force  is  applied  to  the  ends  of  the  segments  in  a 
direction  substantially  tangential  to  their  circumference  at  the 
cut.  The  brake  rods  extending  forward  from  the  brakes  are 
generally  made  either  ^  inch  or  A  inch  in  diameter  in  pleasure 
cars  and  >4  inch  in  trucks. 

Facing  Materials — In  American  practice  the  segments  of 
expanding  brakes  are  generally  faced  with  asbestos  friction 
fabric.  In  Europe,  on  the  other  hand,  the  expanding  members 
usually  have  metallic  friction  surfaces,  either  cast  iron  or  bronze, 
as  shown  in  the  accompanying  cut  of  the  Panhard  brakes.  Fig. 
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219.  Cast  iron  on  steel  without  lubrication  has  a  friction  coeffi- 
cient of  about  0.15  which  is  quite  satisfactory.  The  objection- 
able feature  of  metallic  brake  surfaces  is  that  they  lose  very 
much  of  their  effectiveness  when  they  are  covered  with  oil  or 
grease,  and  since  the  brake  drums  are  nearly  always  located  close 
to  some  bearing,  it  is  rather  difficult  to  keep  oil  out  of  them.  It 
will  be  seen  from  Fig.  219  that  in  the  Panhard  brake  the  lining 
strips  are  cut  with  slanting  grooves  designed  to  scrape  the  oil 


Fig.  219. — Panhard  Brakes. 

off  the  brake  drums.  In  order  to  prevent  oil  from  the  rear  axle 
housing  working  out  to  the  brake  drums,  it  is  necessary  to  pro- 
vide packings  at  both  sides  of  the  driving  gear  housing,  and 
there  also  should  be  some  kind  of  oil  guard  at  the  imier  end  of 
the  wheel  hubs.  Asbestos  fabric  possesses  the  two  valuable  fea- 
tures that  its  friction  is  little  affected  by  oil  on  it,  and  that  it  is 
not  spoiled  by  heat.  Grease  cups  must  be  provided  for  all  bear- 
ings of  the  brake  mechanism  and  the  bearings  for  overhanging 
parts  must  be  made  relatively  long. 
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The  brake  support  is  generally  in  the  form  of  a  malleable 
casting  which  is  riveted  to  the  axle  tube.  Sometimes  this  sup- 
port is  a  full  disc  and  forms  the  cover  for  the  brake  drum,  while 
in  other  designs  it  is  in  the  form  of  a  bracket  or  spider  with 
ribbed  arms,  which  has  a  sheet  metal  disc  fastened  to  it  to  close 
the  brake  drums.  It  is  customary  to  have  the  brake  drum  ex- 
tend over  the  edge  of  the  closing  disc  and  leave  a  clearance  of 
about  A  inch  between  the  two  parts. 


Fig.  220. — Tim  KEN  Brakes. 

The  Timken  internal  and  external  brakes,  illustrated  in  Fig. 
220,  are  good  examples  of  American  brake  design. 

Brake  Adjustment— The  facing  material  of  the  brakes  wears 
in  the  course  of  time  and  this  makes  adjustment  necessary.  With 
some  designs  of  expander  mechanism,  such  as  the  toggle  links, 
adjustment  can  be  made  in  the  length  of  tfte  ring  formed  by  the 
brake  segments  and  their  connections.  In  the  case  of  other  ex- 
pander mechanisms,  like  the  cam,  the  adjustment  must  be  made 
outside  the  brake  drum.  When  the  brake  lining  is  worn  the 
cam  has  to  be  turned  further  in  order  to  apply  the  segments 
firmly  to  the  drum,  and  if  it  is  found  that  it  cannot  be  turned 
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sufficiently  far  with  the  original  adjustment  of  the  brake  linkage, 
then  the  lever  on  the  cam  shaft  has  to  be  moved  around  the 
shaft  A  design  of  adjustable  brake  lever  is  shown  in  Fig.  221. 
The  device  comprises  in  reality  two  levers,  one  free  on  the  shaft 
and  the  other  keyed  to  it.  The  short,  fixed  lever  is  provided 
with  a  slotted  sector  to  which  the  free  lever  can  be  secured  by 
means  of  a  clamp  screw.  The  clamping  surfaces  are  grooved 
to  prevent  slipping. 

Brake  Equalizers — ^Unless  the  brakes  on  opposite  sides  of  a 
car  produce  equal  retarding  effects  the  car  has  a  tendency  to 
skid.  In  order  to  produce  these  equal  retarding  effects  the  first 
thing  necessary  is  to  apply  equal  operating  forces  to  the  two 


Fig.  221. — Brake  Lever  Adjustment. 

brakes  of  each  set.  This  necessitates  an  equalizing  device  in  the 
brake  operating  linkage,  which  usually  takes  the  form  of  a  bal- 
ance lever.  A  few  makers,  following  a  design  which  originated 
in  France,  use  a  long  balance  lever  extending  entirely  across 
the  frame,  through  slots  in  the  side  members  or  formed  by 
guides  secured  to  the  under  side  of  the  side  members.  The  bal- 
ance levers  are  made,  of  sheet  steel  bent  double,  with  the  width 
decreasing  from  the  middle  toward  the  ends,  and  sometimes  holes 
are  punched  through  the  sheet  metal  to  lighten  the  levers.  (F'g. 
222).  These  balance  levers  are  placed  comparatively  far  to  the 
rear,  about  even  with  the  most  forward  part  of  the  road  wheels, 
so  as  to  make  the  connections  to  the  brakes  outside  the  frame 
short 
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Fig.  222. — ^LoNG  Bar  Equauzer. 

The  more  common  form  of  brake  equalizer  is  illustrated  in 
Fig.  223.  The  principle  is  the  same  as  that  embodied  in  the 
equalizer  just  described,  but  the  balance  lever  is  much  shorter 
and  the  brake  operating  effort  is  transmitted  to  the  sides  of  the 
frame  by  members  working  under  torsion  instead  of  under  bend- 
ing stresses.  Where  it  is  not  possible  to  support  the  brake  equal- 
izing shafts  by  intermediate  bearings,  the  equalizing  lever  should 


Fig.  223.— Conventional  Equauzer. 
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preferably  be  placed  close  to  one  side  of  the  frame,  so  as  to 
minimize  the  bending  moments. 

We  have  so  far  supposed  that  connection  from  the  hub  brakes 
forward  is  made  by  rods  located  outside  the  frame.  These  rods 
tend  to  give  the  chassis  a  "trappy"  appearance,  especially  if  they 
arc  long  enough  to  show  in  front  of  the  wheels,  and  many  de- 
signers prefer  to  place  all  rods  inside  the  frame.  This  necessi- 
tates an  extra  pair  of  bearings  for  the  brake  expander  shafts  as 
shown  in  Fig.  224.  Sometimes  these  bearings  are  carried  by 
arms  just  inside  the  springs,  while  in  some  designs  of  rear  axles 
these  extra  bearings  are  close  to  the  driving  gear  housing.  When 
located  in  the  last  described  manner  the  equalizing  lever  may  be 


ffl5 


^~?L 


^__§ 


O 


Fig.  224.— Brake  Shafts  Carried  in  Double  Bearings. 

connected  directly  to  the  short  levers  at  the  inner  ends  of  the  ex- 
pander shafts. 

Arrangement  of  Brake  Rods — The  forward  connections  of 
the  hub  brake  rods  should  be  so  located  that  the  compression  and 
extension  of  the  rear  springs  will  not  affect  the  application  of 
the  brakes.  This  point  is  of  particular  importance  in  connection 
with  motor  trucks,  on  account  of  the  comparatively  large  motion 
of  the  springs  when  the  truck  is  loaded  or  unloaded,  but  in  the 
past  it  often  has  been  overlooked.  If  a  motor  truck  has  to  be 
stopped  for  loading  or  unloading  on  a  grade,  unless  the  brake 
connections  are  properly  designed,  the  brakes  are  liable  to  loosen 
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as  the  load  is  put  on,  and  the  truck  will  begin  to  move  down 
hill;  or,  in  the  opposite  case,  the  connecting  linkage  may  be  put 
under  such  tension  by  the  load  as  to  make  it  difficult  to  disengage 
the  brake  lever  after  the  truck  is  loaded. 

As  the  springs  compress  and  distend,  the  rear  axle  and  every 
part  supported  by  it  move  in  circular  paths  around  the  axis  of 
the  forward  radius  rod  connection.  Therefore,  in  order  to  ob- 
viate any  influence  of  spring  action  on  the  application  of  the 
brakes,  the  centre  D  of  the  forward  brake  rod  connection  should 
lie  in  the  axis  of  the  forward  radius  rod  connection.  This,  how- 
ever, is  generally  impossible  in  practice.  The  best  practical  solu- 
tion of  the  problem  is  to  place  the  forward  connection  D  of  the 
brake  rod  on  the  line  connecting  the  axis  O  of  the  forward 
radius  rod  connection  with  the  point  P  representing  the  mean 
position  of  the  centre  of  the  rear  bratce  rod  connection  with  rela- 
tion to  the  frame,  as  shown  in  Fig.  225.  The  forward  brake  rod 
connection  D  may  be  either  forward  or  to  the  rear  of  the  for- 
ward radius  rod  connection  O,  but  should  be  as  close  to  it  as 
conditions  will  permit  Fig.  225,  which  is  taken  from  an  article 
by  Edward  L.  Martin  in  The  Horseless  Age  of  September  4. 
1912,  shows  in  the  sub-figure  that  there  is  still  a  slight  effect  of 
the  spring  action  on  the  brake,  but  with  relatively  long  brake 
rods  it  is  negligible.  When  D  is  located  above  the  line  OP 
(as  shown  at  D')  the  brakes  tighten  when  the  load  is  removed; 
when  D  is  below  OP,  the  brakes  loosen  when  the  load  is  re- 
moved. 

Front  Wheel  Brakes — Front  wheel  brakes  came  into  vogue 
in  England  in  1909  and  are  still  being  fitted  to  perhaps  a  dozen 
British  and  Continental  cars,  but  there  does  not  appear  to  be  any 
likelihood  that  they  will  become  universal.  When  such  brakes 
are  used  in  conjunction  with  rear  wheel  brakes,  the  whole  weight 
of  the  car  and  load  is  available  for  braking  purposes,  and  it 
should  be  possible  to  stop  a  car  in  substantially  half  the  distance 
as  with  brakes  on  one  set  of  wheels  only.  The  chief  advantage 
of  front  wheel  over  rear  wheel  brakes  is  that  the  former  do  not 
tend  to  cause  the  car  to  skid.  Another  advantage  claimed  for 
them  is  that  their  use  tends  to  equalize  the  wear  on  front  and 
rear  tires. 

However,  the  fitting  of  brakes  to  front  wheels  involves  many 
mechanical  difficulties  and  none  of  the  designs  that  have  come  to 
the  writer's  attention  *  are  free  from  weak  points.  In  the  first 
place,  the  steering  pivot  axis  produced  must  pass  through  the 
ground  contact  of  the  tires,  as  otherwise  any  difference  in  the 
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retarding  action  of  the  two  brakes  will  affect  the  steering.  To 
prevent  such  interference  with  the  steering  either  the  steering 
pivots  may  be  placed  inside  the  hub  of  the  wheel  or  else  the  steer- 
ing pivot  or  both  it  and  the  wheel  may  be  inclined  so  as  to  in- 
sure intersection  of  the  pivot  axis  and  wheel  centre  plane  at  the 
ground  contact 

Special  difficulties  are  involved  in  transmitting  the  operating 
motion  to  the  brake  segments,  because  of  the  pivotal  motion  of  the 
brakes.  One  member  of  the  operating  linkage  usually  passes 
through  a  hollow  steering  pivot  pin.  The  manner  in  which  the 
problem  has  been  solved  by  the  designer  of  the  Crossley  car  is 
illustrated  in  Fig.  226.    A  toggle  expanding  mechanism  is  used. 


Fig.  227. — Sprag. 

a  pin  passing  through  the  hollow-inclined  steering  pivot  pin  con- 
necting with  the  toggle  links  through  a  ball  and  socket  joint. 
The  top  end  of  this  operating  pin  is  provided  with  a  flange  and 
surrounded  by  a  return  spring,  and  is  pressed  against  by  the  ball 
ended  arm  of  a  bell  crank  fulcrumed  on  the  steering  fork. 
The  other  arm  of  this  bell  crank  connects  by  a  short  link 
to  a  point  on  the  vehicle  frame. 

It  seems  that  the  torque  on  the  front  axle  produced  by  the  ap- 
plication of  front  wheel  brakes  is  always  taken  up  by  the  front 
springs,  no  special  torque  members  being  provided.  Front  wheel 
braking  therefore  imposes  additional  strains  upon  the  axle, 
springs  and  steering  connections,  and  in  most  cars  these  parts 
would  have  to  be  strengthened  if  front  wheel  brakes  were  to  be 
fitted. 
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Sprags. — ^It  has  been  customary  among  European  designers  to 
fit  touring  cars  with  sprags  to  prevent  them  from  running  back- 
ward down  hill.  Owing  to  the  fact  that  the  brakes  now  fitted  are 
entirely  reliable  as  regards  checking  both  forward  and  rearward 
motion,  the  sprag  has  largely  disappeared  from  pleasure  cars,  but 
it  seems  to  become  a  standard  fitment  of  motor  trucks.  This 
may  possibly  be  due  to  the  fact  that  in  many  motor  trucks  the 
rear  wheel  brake  connections  are  so  arranged  that  the  brakes  will 
loosen  either  on  loading  the  truck  or  on  unloading  it  At  any 
rate,  with  a  heavy  vehicle  which  occasionally  has  to  be  stopped 
and  loaded  or  unloaded  on  very  steep  grades,  it  is  certainly  a 
good  plan  to  have  a  variety  of  stopping  devices. 

The  ordinary  sprag  consists  merely  of  a  straight  steel  rod 
hinged  to  the  axle  or  a  fitting  thereon,  at  its  forward  end,  and 
pointed  or  wedge-shaped  at  its  rear  end,  which  is  designed  to  dig 
into  the  road  surface.  The  sprag  is  generally  formed  with  a 
flange  near  its  lower  end,  to  prevent  it  from  sinking  too  far  into 
the  ground.  Sprags  are  made  of  such  a  length  that  when  the 
free  end  rests  on  the  ground  their  horizontal  projection  is  equal 
to  1.75 — ^two  times  its  vertical  projection.  Generally  two  sprags 
are  used,  one  near  each  body  spring,  though  a  single  one  at  the 
middle  of  the  axle  will  do.  If  two  sprags  are  used,  the  cross- 
sectional  area  of  each  may  be  made  one  square  inch  per  12,000 
pounds  of  vehicle  weight  (unloaded).  When  not  in  use  the 
sprags  are  held  off  the  ground  by  chains  which  hook  up  on  the 
frame. 

Another  form  of  sprag  sometimes  used  is  the  ratchet  sprag. 
This  consists  of  a  ratchet  wheel,  usually  formed  integral  with  the 
brake  drum,  and  a  pawl  adapted  to  engage  with  it. 
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FRONT  AXLES. 

Front  axles  for  pleasure  cars  are  almost  invariably  drop  forged 
from  medium  carbon  steel,  heat  treated.  The  material,  when 
thus  treated,  has  a  tensile  strength  of  90,000  to  100,000  pounds 
per  square  inch  and  may  be  worked  at  10,000  pounds  per  square 
inch.  If  high  tensile  alloy  steel  is  used,  the  stress  may  be  as 
high  as  15,000  pounds  per  square  inch.  The  axles  are  always 
of  the  pivoted  type,  the  wheel  spindles  being  made  separate  from 
the  middle  part  of  the  axle  and  connected  with  it  by  a  substan- 
tially vertical  pivot  joint,  thus  forming  so-called  Ackerman 
steering  axles.  A  few  manufacturers,  including  the  Packard 
and  Franklin  companies,  use  tubular  axles  with  drop  forged 
steering  heads  or  axle  ends  secured  to  them.  Pressed  steel 
front  axles  consisting  of  either  a  single  channel  or  two  chan- 
nels fitted  into  each  other  and  having  the  steering  head  riveted 
to  them  are  used  to  some  extent  Front  axles  for  commer- 
cial vehicles  are  generally  forged  of  medium  carbon  steel,  of 
either  solid  rectangular  section  or  of  I-section  approaching 
a  full  rectangular  section.  Cast  steel  front  axles  are  also  used 
for  commercial  vehicles.  If  the  axle  is  forged  from  medium 
carbon  steel  under  a  steam  hammer  a  stress  of  15,000  pounds 
per  square  inch  can  be  allowed,  but  in  a  cast  steel  axle  the  stress 
should  not  exceed  10,000  pounds  per  square  inch. 

Stresses  on  Front  Axles — ^When  the  car  is  at  rest  the  front 
axle  is  subjected  to  bending  moments  in  a  vertical  plane,  due  to 
the  weight  resting  on  the  springs  and  to  its  own  weight.  When 
the  car  is  in  motion  there  is  also  a  horizontal  bending  moment, 
due  to  the  resistance  to  motion  encountered  by  the  front  wheel. 
This  horizontal  moment  is  comparatively  slight  when  the  car  is 
running  on  a  smooth,  level  highway,  but  assumes  considerable 
values  when  the  front  wheel  strikes  an  obstruction.  The  exact 
limiting  value  of  this  horizontal  moment  is  impossible  of  de- 
termination, but  accumulated  experience  has  shown  a  certain 
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proportion  between  the  vertical  resisting  moment  and  the  hori- 
zontal resisting  moment  of  the  axle  section  to  be  desirable. 

Owing  to  the  small  weight  of  the  axle  itself  as  compared  with 
the  weight  resting  on  the  springs,  the  former  may  be  neglected. 
Of  course  when  a  new  car  is  being  designed,  the  weight  that 
will  come  on  the  front  axle  is  not  known  in  advance,  but  for 
pleasure  cars  it  may  be  predetermined  with  sufficient  accuracy 
for  the  present  purpose  by  means  of  the  following  equation : 

„,      vjheel  base^    ,  .         , 

JV= +  200  pounds. 

10 

In  the  case  of  trucks,  unless  a  similarly  proportioned  vehicle 
on  hand  permits  of  making  a  direct  determination  of  the  dis- 
tribution of  the  weight  between  the  two  axles,  it  may  be  esti- 
mated that  three-eighths  of  the  combined  weight  of  the  truck  and 
load  is  carried  on  the  front  axle,  and  five-eighths  on  the  rear  axle. 
The  approximate  weights  of  commercial  vehicles  are  as  follows: 

Load  capacity  (pounds) . .  1,500  2,000  3>ooo  4,000  6,000  10,000 
Truck  weight  (pounds)... 3/xx>    3,500    4,200    5,000    6,000     9,000 

In  the  great  majority  of  cars  this  weight  is  supported  on  the 
axle  through  the  intermediary  of  two  body  springs,  and  one- 
half  of  it  rests  on  each  spring  saddle.  The  front  axle  itself  is 
supported  at  the  centre  of  the  front  wheel,  and  therefore  forms 
a  simple  beam  with  two  symmetrically  located  loads. 

Front  springs  are  invariably  placed  directly  underneath  the 
frame  side  members  and  this  determines  the  position  of  the 
spring  seats.  The  width  of  the  forward  end  of  the  frame,  in 
turn,  is  determined  by  the  maximum  steering  motion  of  the  front 
wheels  desired.  The  spring  seats  are  generally  forged  integral 
with  the  axle,  though  occasionally  they  are  bolted  on,  in  which 
case  the  axle  is  formed  with  lugs  for  the  bolt  holes.  Between 
spring  seats  practically  all  axles  have  a  downward  curve  or 
drop,  the  object  being  to  insure  proper  clearance  for  the  radiator 
or  whatever  other  part  comes  directly  above  it 

In  the  conventional  design  of  chassis  the  only  connection  be- 
tween the  front  axle  and  the  frame  is  through  the  front  springs, 
but  a  few  cars  iiaving  unusual  types  of  springs,  such  as  single 
cross  springs  or  coiled  springs,  have  distance  rods  between  the 
front  axle  and  frame  to  transmit  the  driving  thrust  to  the  axle. 
Hence,  neglecting  the  weight  of  the  front  axle  itself,  in  the  con- 
ventional design  all  the  forces  acting  at  the  ground  contact  of 
the  wheels  are  transmitted  to  the  frame  through  the  springs,  the 
horizontal  forces  as  well  as  the  vertical  forces.     The  vertical 
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bending  moment  increases  from  nothing  in  the  centre  plane  of 
the  wheel  to  the  maximum  at  the  centre  of  the  spring  seat  and 
remains  at  the  maximum  between  spring  seats.  The  horizontal 
bending  moment,  which  may  attain  considerable  values  when  one 
wheel  strikes  an  obstruction,  increases  from  nothing  in  the  centre 
plane  of  the  wheel  to  a  maximum  at  the  centre  of  the  spring  seat. 
In  the  case  of  an  axle  connected  to  the  frame  by  semi-elliptic 
springs  it  practically  ceases  at  the  spring,  seat,  being  taken  up  by 
the  spring.  On  the  other  hand,  in  the  case  of  an  axle  connected 
to  the  frame  by  distance  rods,  the  horizontal  bending  moment  due 
to  forces  on  one  wheel  reaches  its  maximum  at  the  centre  of 
the  spring  seat  and  decreases  to  nothing  at  the  centre  of  the 
other  spring  seat.  In  order  to  give  I-section  axles  the  necessary 
strength  to  withstand  considerable  horizontal  shocks  on  the 
wheels,  it  is  customary  to  gradually  increase  the  width  of  the  top 
flange  from  the  steering  head  toward  the  spring  seat  In  an  axle 
which  connects  to  the  frame  only  by  semi-elliptic  springs  this 
widening  stops  at  the  spring  seat,  and  that  part  of  the  axle  between 
spring  seats  is  made  of  uniform  section  throughout.  On  the  other 
hand,  in  an  axle  connected  to  the  frame  by  distance  rods  the 
flanges  of  the  axle  should  increase  in  width  as  they  approach  the 
distance  rod  connection  from  both  sides. 

I-Section  Axles — The  propor- 
tions of  the  I-section  vary  con- 
siderably in  different  makes  of 
axles,  but  the  section  shown  in 
Fig.  228  is  a  good  average.  De- 
noting the  thickness  of  the  web  by 
a,  the  width  of  the  section  is  6  a 
and  the  height  slightly  over  8  a. 
The  ends  of  the  flanges  are  semi- 
circular, of  radius  a/2^  and  the 
fillet  between  web  and  flange  has 
a  radius  a.  The  sides  of  the 
flanges  are  inclined  7  degrees  to 
give  the  necessary  draught  The 
dotted  figure  represents  an  equiva- 
lent geometric  section,  and  in 
this  the  height  is  exactly  8  times  the  thickness  of  the  web.  The 
thickness  of  the  flange  of  the  geometric  equivalent  section  is 
|-a.    The  moment  of  inertia  of  such  a  section  is 

6aX(8g)»— 2X2.5gX(5fg)' ^  j88 ^« 


Fig.  22&— I-Section  of 
Front  Axle. 
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The  distance  c  of  the  outermost  fibre  from  the  neutral  section 
being  4  a,  the  section  modulus  is 

4« 

The  moment  of  inertia  of  this  same  section  around  a  vertical 
axis  is 

2XtaX(6a)»  +  5taXa'-  4 

12 

and  since  the  distance  c  in  this  case  is  3  a,  the  horizontal  section 
modulus  is 

49-31  a*^,6.44«' 
3« 
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Chart  III  for  Determining  Front   Axle  Dimensions. 
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The  section  modulus  is  a  measure  of  the  strength  of  the  section, 
and  the  section  shown  in  Fig.  228  therefore  is  three  times  as 
strong  vertically  as  horizontally. 

Chart  III  permits  of  quickly  determining  the  necessary  section 
of  axle  for  any  load  on  the  spring  pads  and  any  distance  be- 
tween the  centres  of  the  spring  pad  and  wheel  centre.  In  addi- 
tion to  the  section  above  discussed,  another,  somewhat  fuller 
section,  which  was  found  to  be  the  mean  of  a  large  number  of 
American  front  axle  sections  in  1907,  is  also  drawn  in,  and  the 
diagram  also  permits  of  determining  the  necessary  dimensions  of 
this  section  for  various  loads  and  lever  arms.     It  should  be 


Fig.  229— Elliott  Type  Steering  Head  With  Intregal  Pivot 

Pins. 
pointed  out  that  the  diagram  is  based  on  a  unit  stress  of  10,000 
pounds  per  square  inch. 

Steering  Heads — There  are  three  types  of  steering  heads  now 
in  use,  known,  respectively,  as  the  Elliott,  the  reverse  Elliott  and 
the  Lemoine.  In  American  practice  the  Elliott  type  is  most  ex- 
tensively used  and  the  Lemoine  least  In  the  Elliott  type  the 
ends  of  the  axle  forging  are  forked  and  the  steering  knuckle  is 
T-shaped;  in  the  reversed  Elliott  type  the  steering  knuckle  is 
forked  and  the  ends  of  the  axle  forms  a  T.  In  the  Lemoine  type 
the  ends  of  the  axle  as  well  as  the  steering  knuckles  form  Ls. 
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Elliott  Type — The  spread  of  the  fork  in  Elliott  type  steering 
heads  varies  with  the  moment  of  the  ground  reaction  on  the 
wheels  at  the  centre  of  the  steering  pivot  The  minimum  dis- 
tance between  the  branches  of  the  fork  is  about  4  inches.  For  a 
moment  of  3,000  lbs.-ins.  it  can  be  made  4^  inches,  and  one  inch 
more  for  each  additional  3,000  Ibs.-ins.. 

There  are  several  different  designs  of  Elliott  type  steering 
heads  and  knuckles.  In  the  first  place,  the  knuckle  may  either 
be  provided  with  integral  bearing  pins  which  extend  through 
.bearing  holes  in  the  fork  arms  of  the  axle,  or  its  vertical  member 


Fig.  230— Elliott  Type  Steering  Head  With  Pivot  Pin  Bear- 
ings IN  Knuckle. 

may  be  drilled  for  a  steering  pivot  pin.  In  case  the  latter  con- 
struction is  adopted  the  pin  may  have  a  bearing  either  in  the 
fork  ends  or  in  the  vertical  member  of  the  knuckle.  A  design 
of  steering  knuckle  with  integral  bearing  pins  is  illustrated  in 
Fig.  229.  The  lower  arm  of  the  fork  has  a  hole  drilled  through 
it  larger  in  diameter  than  the  vertical  member  of  the  knuckle. 
The  bearing  pin  at  the  lower  end  of  the  knuckle  is  considerably 
smaller  in  diameter  than  this  hole,  and  the  remaining  space  is 
taken  up  by  a  bearing  bushing  screwed  into  the  hole  and  locked 
in  place.  In  this  particular  design  of  front  axle  the  vertical  load 
is  transmitted  from  the  axle  to  the  knuckle  through  a  single  steel 
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ball  of  large  diameter,  which  rests  in  the  end  of  the  drill  hole  in 
the  upper  arm  of  the  steering  fork  and  on  a  spherical  depressibn 
on  top  of  the  vertical  member  of  the  knuckle.  The  steering  arm 
in  this  case  is  bolted  right  through  the  vertical  member  of  the 
knuckle.  It  can  easily  be  seen  that  the  entire  vertical  load  is 
taken  by  the  upper  arm  of  the  fork,  and  the  latter  must  be  pro- 
portioned accordingly. 

A  design  of  steering  knuckle  in  which  a  pivot  pin  passes 
through  the  vertical  member  of  the  knuckle  is  shown  in  Fig.  230. 
The  pin  has  its  bearings  in  the  knuckle  and  is  a  tight  fit  in  the  fork 


Fig.  231— Elliott  Type  Steering  Head  With  Bearings  in 
Steering  Fork. 

arms.  The  pivot  bolt  is  bolted  into  the  lower  arm  of  the  fork, 
being  shouldered  and  provided  with  a  castellated  nut  at  the  bot- 
tom, and  is  drilled  for  a  small  grease  cup.  Bearing  bushings  are 
inserted  into  the  vertical  member  of  the  knuckle  from  each  end, 
and  at  the  top  there  is  a  ball  thrust  bearing  for  carrying  the 
weight  The  steering  arm  is  bolted  into  a  lug  on  the  lower  end 
of  the  vertical  member. 

A  third  design  in  which  the  bearings  for  the  pivot  pin  are  in 
the  fork  arms  is  shown  in  Fig.  231. 

Other  Types — Fig.  232  illustrates  the  reversed  Elliott  type  of 
steering  head  and  knuckle,  which  type  was  introduced  by  the 
German  Daimler  Co.,  and  is  used  most  extensively  on  foreign 
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cars.  The  bearings  are  always  in  the  knuckle  fork,  and  are  pro- 
vided with  hardened  steel  bushings.  A  ball  thrust  bearing  may 
be  fitted  as  shown,  but  the  majority  of  steering  heads  of  this 
type  have  plain  thrust  bearings,  notwithstanding  the  fact  that  they 
are  used  particularly  on  high  grade  cars.  With  a  reverse  Elliott 
steering  head  the  distance  from  the  centre  of  the  wheel  to  the 
centre  line  of  the  pivot  is  necessarily  somewhat  larger  than  with 
other  types,  and  a  ball  thrust  bearing  tends  to  further  increase 
this  distance,  which  is  probably  the  reason  it  is  generally  dis- 
pensed with.  This  diflSculty  is  neatly  overcome  in  several  Eng- 
lish cars.  The  pivot  pin  is  enlarged  at  the  lower  bearing,  so 
as  to  form  a  shoulder  which  bears  against  the  under  surface  of 


Fig.  232 — ^Reversed  Eluott  Type  Steering  Head. 

the  steering  head,  and  the  ball  thrust  bearing  surrounds  the  pin 
on  top  of  the  steering  knuckle,  being  held  in  place  by  means  of  a 
castellated  nut  on  the  pin.  The  whole  is  surmounted  by  a  sheet 
metal  cap.  In  this  construction,  therefore,  the  end  thrust  is 
transmitted  through  the  pivot  pin. 

In  order  to  make  the  distance  between  wheel  centre  and  pivot 
axis  as  small  as  possible,  the  vertical  part  of  the  fork  is  generally 
made  of  such  a  cross  section  as  to  partly  envelop  the  steering 
head.  The  height  of  the  steering  head  with  the  reverse  Elliott 
type  of  axle  is  generally  little  greater  than  the  height  of  the  axle 
section.  This  is  considerably  less  than  the  spread  of  the  fork  in 
a  corresponding  Elliott  type  axle.  But  the  pivot  pin  diameter  and 
the  length  of  the  bearings  are  made  correspondingly  larger  in 
the  former. 
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The  Lemoine  type  of  steering  head  was  formerly  much  used 
in  France,  but  is  now  rarely  met  with.  Fig.  233  illustrates  the 
Winton  steering  head,  which  is  of  this  type.  In  this  particular  de- 
sign the  thrust  load  and  part  of  the  radial  load  on  the  bearing 
are  taken  up  on  a  tapered  roller  bearing,  the  remaining  radial 
load  being  taken  up  on  a  conical  bearing. 

Calculation  off  Pivot  Bearings — In  the  illustrations,  Figs.  229 
to  233,  various  methods  for  taking  up  the  thrust  load  are  shown. 
This  thrust  load  is  relatively  large,  equal  to  the  weight  carried 
by  one  wheel  when  the  car  is  at  rest  or  running  over  a  smooth 


Fkj.  233 — Lemoine  Type  of  Steering  Head  (Winton). 

road  surface,  and  is  increased  by  shocks  on  uneven  pavement 
The  simplest  plan  consists  in  providing  two  hardened  steel 
thrust  washers  between  the  vertical  member  of  the  steering 
knuckle  and  the  steering  head.  One  washer  must  be  secured  by 
a  pin  to  the  knuckle  and  the  other  to  the  steering  head,  so  that 
the  motion  will  take  place  between  the  two  hardened  surfaces 
and  not  between  one  hardened  and  one  soft  surface.  The  bear- 
ing surface  of  the  thrust  washers  should  be  made  about  one 
square  inch  per  400  pounds  load.  In  case  a  ball  thrust  bearing 
is  used  its  rated  load  capacity  should  preferably  be  50  per  cent, 
greater  than  the  maximum  load  on  each  front  wheel,  though  con- 
siderations of  space  limitation  often  compel  the  use  of  smaller 
bearings. 
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The  load  on  the  radial  bearings  of  the  steering  pivot  may  be 
calculated  as  follows  (Fig.  234)  :  Let  P  represent  the  maximum 
reaction  of  the  wheel  on  the  knuckle  spindle ;  a  the  distance  from 
the  centre  plane  of  the  wheel  to  the  axis  of  the  pivot ;  /  the  dis- 
tance between  centres  of  radial  bearings,  and  P'  the  load  on  each 
radial  bearing. 
Then 


Pa  =  Pn 


and 


There  is,  however,  still  another  load  on  the  radial  bearings  of  the 
pivot;  namely,  that  due 
:fco  the  resistance  to  mo- 
tion encountered  by  the 
front  wheel.  The  resist- 
ance may  attain  quite 
high  values  when  the 
front  wheel  strikes  a 
large  obstruction  while 
the  car  is  going  at  con- 
siderable speed,  but  the 
resulting  bearing  pres-  F^g.  234— Diagram  for  Calculating 
sure    lasts    only    for    a  Steering   Pivot  Loads. 

moment  and,  therefore,  need  not  be  considered  in  determining 
the  necessary  bearing  surface.  The  resistance  to  motion  on 
smooth,  hard,  level  roads  throws  a  load  on  the  pivot  which 
is  absolutely  negligible  in  comparison  with  that  due  to  the 
weight  on  the  wheel.  The  radial  bearings  can  be  so  prc^ortioned 
that  the  unit  bearing  pressure  is  about  500  pounds  per  square 
inch.  Usually  the  length  of  the  bearings  is  about  1.5  times  the 
diameter  d.    If  this  relation  holds,  then 


rience 


/  P         a 


(62) 


If  this  diameter  is  chosen  for  the  pin,  the  latter  will  be  strong 
enough  to  resist  the  sheering  stress  to  which  it  is  subjected. 

The  pivot  axis  is  sometimes  inclined  in  the  vertical  plane 
through  the  centre  of  the  front  axle,  in  order  to  bring  the  point 
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of  its  intersection  with  the  ground  closer  to  the  centre  of  wheel 
contact  on  the  ground.  This  distance  forms  the  lever  arm  at  the 
end  of  which  the  resistance  to  motion  of  the  front  wheels  acts 
when  the  driver  attempts  to  swing  them  around  for  steering. 
The  shorter  this  lever  arm  the  easier  the  car  will  be  to  steer, 
and  some  manufacturers  incline  the  spindle  so  much  that  its  axis 
produced  meets  the  ground  at  the  centre  of  wheel  contact,  in 
which  case  the  length  of  the  lever  arm  is  nil  (Fig.  235).    How- 


235.— Incuned    Steering 
Pivot. 


Fig.  236. — Fore  and  Aft  In- 
clined Steering  Pivot  Pro- 
ducing Trailer  Effect. 


ever,  this  construction  has  the  disadvantage  that  in  any  but  the 
straight-ahead  position  the  front  wheels  are  considerably  inclined, 
in  which  position  they  are  not  as  strong  with  respect  to  vertical 
loads  as  when  standing  vertically. 

Some  manufacturers  also  incline  the  axles  and  steering  pivots 
in  a  vertical  fore-and-aft  plane  (Fig.  236).  There  are  two  rea- 
sons for  this  practice.    The  first  is  that  the  combined  load  due  to 
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the  weight  on  the  axle  and  the  road  resistance  encountered  by 
the  wheel  is  in  a  slightly  inclined  direction,  and  in  the  case  of 
an  I-section  axle,  of  course,  there  is  an  advantage  in  making  the 
plane  of  maximum  strength  of  the  axle  coincide  with  the  direction  of 
the  load.  The  other  reason— and  probably  the  more  important  one- 
is  that  this  construction  produces  a  trailer  effect  and  tends  to 
obviate  serious  consequences  in  the  event  of  breakage  or  dis- 
connection of  the  steering  linkage.  This  effect  is  similar  to  that 
obtained  with  the  front  wheel  of  a  bicycle,  whereby  a  cyclist  is 
enabled  to  ride  with  his  hands  off  the  handle  bar.  The  point 
of  wheel  contact  with  the  grotmd  is  located  to  the  rear  of  the 
point  at  which  the  steering  spindle  axis,  produced  meets  the 
ground,  hence  the  steering  wheels  trail  and  are  automatically  kept 
in  the  straight  ahead  position  by  the  road  resistance.  The  same 
effect  can  also  be  obtained  by  placing  the  axis  of  the  knuckle 


Fig.  237. — Steering  Knuckle  With  Spindle  Set  Back  From 
Pivot  Axis. 

spindle  slightly  to  the  rear  of  the  pivot  axis,  as  shown  in  Fig. 
237,  This  latter  arrangement  has  been  used  to  quite  an  extent 
in  France  in  connection  with  built-up  knuckles,  the  wheel  spindle 
being  bolted  to  the  vertical  member  of  the  knuckle. 

Front  Wheel  Bearings— All  of  the  different  types  of  anti- 
friction bearings  are  used  in  front  wheels.  There  is  considerable 
end  thrust  on  the  front  wheel  bearings,  and  in  case  radial  ball 
or  parallel  type  roller  bearings  are  used,  separate  thrust  bearings 
for  thrusts  in  both  directions  should  preferably  be  fitted,  at  least 
on  heavy  vehicles.  It  is  not  always  fully  realized  that  there  are 
heavy  thrusts  on  front  wheel  bearings.  Rear  axles  are  often 
without  any  thrust  bearings  except  the  one  designed  to  take  up 
the  thrust  of  the  bevel  gear,  and  from  this  it  is  sometimes 
erroneously  inferred  that  there  is  no  need  for  thrust  bearings  in 
the  front  wheels  either.  The  difference  is  that  whereas  the  pro- 
pelling effort  is  always  parallel  to  the  planes  of  the  rear  wheels, 
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in  turning  a  corner  it  may  make  an  angle  of  jo  to  40  degrees 
with  the  planes  of  the  front  wheels.  The  radial  load  on  the 
bearing  due  to  the  force  of  propulsion  is  proportional  tg  the 
cosine  of  the  angle  between  the  direction  of  the  propelling  force 
and  the  plane  of  the  wheel,  and  the  thrust  load  is  proportional 
to  the  sine  of  this  angle.  Therefore,  if  the  wheel  stands  at  an 
angle  of  45  degrees,  the  thrust  load  due  to  the  propelling  force 
is  eqtial  to  the  radial  load  due  to  that  force.  A  factor  tending 
to  aggravate  the  case  with  respect  to  thrust  load  is  that  when 
rounding  a  curve  at  considerable  speed  the  centrifugal  force 
throws  nearly  all  of  the  weight  of  the  car  on  the  outer  wheels, 
and  the  propelling  force  on  the  outer  forward  wheel  is  increased 
in  the  proportion  of  the  weight  on  it.  The  thrust  load  being  pro- 
portional to  the  propelling  force,  it  is  also  increased  by  this  effect 
There  is,  moreover,  a  thrust  load  on  the  front  wheel  bearings 
due  to  the  centrifugal  force.  In  fact,  this  whole  force  acts  as  a 
thrust  load,  since  it  acts  in  the  direction  of  the  turning  radius 
and  the  axes  of  all  the  wheel  spindles  theoretically  constitute 
radii  of  the  turning  circle.  On  a  smooth,  hard,  level  surface  the 
end  thrust  on  the  wheel  bearings  is  limited  by  the  adherence  of 
the  wheels  to  the  ground,  which  is  about  0.6  of  the  weight  upon 
them  on  most  kinds  of  pavement.  So  far  as  the  end  thrust  due 
to  centrifugal  force  is  concerned,  it  is  the  same  for  the  front 
and  rear  wheel  bearings,  for  unit  weight  upon  them,  but  the  front 
wheel  bearings  in  addition  are  subjected  to  end  thrust  due  to  the 
propelling  force,  from  which  the  rear  wheel  bearings  are  free. 
Thrust  Loads — The  usual  formula  for  centrifugal  force  is 
F=  1.226  wn^r 
where  w  is  the  weight  in  pounds,  n  the  number  of  revolutions  per 
second  and  r  the  radius  in  feet.  If  the  speed  v  is  expressed  in 
miles  per  hour  the  car  makes 

^^^-^v  feet  per  second. 
3»6oo 

and  the  circumference  of  the  circle  being  2  -jt  r  feet,  the  car  will 
turn  at  the  rate  of 

revolutions  per  second. 


5>28o    ^,       0.2334V 
3»6oo 
Substituting  this  value  for  n  in  the  expression  for  centrifugal 
force  we  get 

0.0668  iVV^  ,^   V 
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We  will  assume  a  car  weighing  with  passengers  3,000  pounds, 
whose  centre  of  gravity  is  24  inches  high,  rounding  a  comer  at 
a  radius  of  60  feet.  The  centrifugal  force  necessary  to  overturn 
this  car  would  be 

3,000  X =  3>50o  ^unds 

24 
To  find  the  speed  at  which  the  car  would  turn  over  we  put 

0.0668  X  3,000  X  i'*  _ , 


60 


=  3»5oo 


v  =  a/  __3lJpQ  X  ^     =  32 . 4  miUs  fer  hour 
y    3,000X0.0686       ^     ^  ^ 

Of  course  the  car  would  turn  over  only  if  the  ground  ad- 
herence was  sufficient  to  prevent  skidding.  We  will  now  suppose 
that  the  car  turns  the  corner  at  about  half  this  speed,  say  15 
m.  p.  h.  Also,  that  the  weight  resting  on  the  front  wheels  is 
1,200  pounds.    Then  the  centrifugal  force  on  this  weight  will  be 

60 
The  centrifugal  force  of  300  pounds  acting  at  the  centre  of 
gravity  will  have  the  effect  of  removing 

300X24  _j^8^oi/«^s. 
56 
from  the  inner  wheel  and  adding  it  to  that  on  the  outer  wheel, 
thus  making  the  weight  distribution  472  pounds  on  the  inner 
wheel,  and  728  pounds  on  the  outer.  The  resistance  to  motion 
of  the  outer  wheel  will  thus  be  increased  in  the  ratio  of  728  to 
600.  Furthermore,  the  propelling  effort  applied  to  the  front 
wheels  acts  at  an  angle  whose  sine  is  approximately  1-6,  assum- 
ing that  the  car  has  a  wheel  base  of  10  feet,  and  the  thrust  load 
on  the  bearings  is  one-sixth  of  the  propelling  force. 

It  is  impossible  to  make  a  close  calculation  of  the  thrust  on 
the  front  wheel  bearings  under  any  given  conditions,  because  of 
the  effect  of  the  road  surface  and  the  uncertain  distribution  of 
the  thrust  between  the  inner  and  outer  wheel  bearings,  but  the 
point  to  be  remembered  is  that  whenever  the  car  describes  a 
curve  there  is  end  thrust  on  the  front  wheel  bearings,  even  with 
the  power  shut  off,  because  of  the  centrifugal  force;  if  the  motor 
is  propelling  the  car  there  is  additional  end  thrust,  owing  to  the 
oblique  application  of  the  propelling  force  to  the  front  wheels. 

Mounting  off  Bearings — Because  of  the  simple  construction, 
combined  radial  and  thrust  bearings  are  much  used  for  front 
wheels,  such  as  Timken  roller,  New  Departure,  cup  and  cone. 
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etc.  The  mounting  of  such  bearings  presents  no  particular  diffi- 
culty. If  they  are  of  the  adjustable  type  the  bearings  are  ar- 
ranged with  their  outer  races  pressing  endwise  against  internal 
flanges  on  the  hub  between  a  shoulder  and  a  nut  on  the  knuckle 
spindle,  as  shown  in  Fig.  238.  The  adjusting  nut,  of  course,  must 
be  properly  locked.  Lubricant  is  retained  within  the  hub  by  the 
hub  cap  at  the  outer  end  and  a  dust  washer  on  the  inner  end. 
The  bearings  are  usually  so  placed  that  from  two-^irds  to  three- 
quarters  of  the  load  comes  on  the  inside  one,  thoug^h  there  is 
considerable  variation  in  this  respect.  Of  course,  the  aim  always 
is  to  bring  the  centre  plane  of  the  wheel  as  close  to  the  pivot 

axis  as  possible.  A 
clearance  of  about  one- 
quarter  inch  should  be 
allowed  between  the 
vertical  member  of  the 
knuckle  or  the  steering 
head  and  the  nearest 
part  of  the  wheel  hub. 

The  outer  bearing 
serves  mainly  as  a 
steadying  bearing  and 
must  be  placed  at  a  con- 
siderable distance  from 
the  inner  one  to  prop- 
erly serve  its  purpose. 
Adjustable  roller  bear- 
ings on  pleasure  car 
axles  are  placed  at  3  to 
3^  inch  centre  distance, 
while  ball  bearings  are 
placed  at  4  to  5  inch 
For  oiling,  a  spring  closed  oil  cup  is  usually 


Fig.     238.— Mounting 
Wheel   Adjustable 


OF      Fbont 
Bearings. 


centre  distance. 

placed  on  the  hub.  A  much  used  method  of  introducing  lubricant 
into  the  front  hubs  consists  in  removing  the  hub  caps,  filling 
them  with  grease  and  replacing  them. 

There  are  many  light  cars  in  use  employing  only  two  radial 
ball  bearings  in  the  front  wheels.  Where  radial  bearings  only 
are  used,  both  races  of  one  kind  should  be  firmly  secured  against 
endwise  motion,  as  well  as  one  race  of  the  other  kind,  the  re- 
maining race  being  left  free  endwise.  Many  designers  clamp 
the  two  inner  races  tight  on  the  spindle  and  place  the  inner  faces 
of  the  outer  races  against  internal  flanges  of  the  hub.    With  this 
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construction,  if  the  distance  between  the  outer  faces  of  the  two 
flanges  and  the  length  of  the  spacer  between  the  inner  races  are 
different,  a  permanent  side  thrust  is  put  on  the  bearings,  which 
causes  them  to  work  hard. 

A  neat  mounting  of  radial  and  thrust  bearings  |or  front  wheel 
hubs,  due  to  F.  G.  Barrett,  of  England,  is  illustrated  in  Fig.  239. 
In  this  design  the  two  outer  races  of  the  radial  bearings  are 
clamped  in  the  hub,  as  is  the  middle  race  of  the  thrust  bearing. 
Both  inner  races  of  the  radial  bearings  are  free.  The  two  thrust 
bearings  are  assembled  on  a  sleeve  which  fits  closely  over  the 


Fic.  239— Mounting  of  Front  Wbeel  Radial  and  Thrust  Ball 
Bkasings. 

tapered  portion  of  the  knuckle  spindle  and  is  held  in  place  by 
the  nut  on  the  end  of  the  spindle. 

A  good  solution  of  the  front  wheel  bearing  problem  seems  to 
consist  in  the  use  of  a  radial  bearing  at  the  outer  end  and  a  so- 
called  two  row  bearing,  designed  to  take  both  radial  and  thrust 
loads,  at  the  inner  end.  Both  inner  races  are  then  secured  end- 
wise, while  the  outer  race  of  the  radial  bearing  is  left  free  end- 
wise. 

Steering  Spindle  "Set"— The  spindle  of  a  steering  knuckle 
is  arranged  to  make  a  slight  angle  with  the  horizontal,  chiefly  to 
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allow  for  flexure  of  the  axle  and  play  in  the  knuckle  joints  when 
the  axle  is  under  load.  In  American  practice  it  is  common  to 
have  the  knuckle  spindle  make  an  angle  of  about  two  degrees  with 
the  horizontal,  if  plane  wheels  are  to  be  used.  If  dished  wheels 
are  to  be  used  the  angle  may  be  as  much  as  6  degrees. 

Spindle  DiaVneter — As  regards  the  diameter  of  the  knuckle 
spindle,  this  is  generally  determined  by  the  bore  of  the  bearings; 
that  is  to  say,  if  the  bearings  are  large  enough  to  withstand  the 
load  upon  them,  a  spindle  fitting  their  bore  will  easily  withstand 
the  bending  moments  on  it.  When  radial  ball  .bearings  are  used 
the  medium  series  is  usually  selected.  Of  course  the  bending 
stress  at  any  section  of  the  spindle  due  to  the  vertical  load  on  the 


Fig.  240— Steering  Motion  Stops. 

axle  can  easily  be  figured  and  should  not  exceed  12,000  pounds 
per  square  inch  for  drop  forged  steering  knuckles. 

Steering  Stops — A  little  refinement  that  has  been  applied  in 
a  number  of  axles  in  recent  years  is  a  stop  limiting  the  swing  of 
the  steering  knuckles,  so  as  to  prevent  contact  between  the  re- 
volving wheel  and  the  frame  or  the  steering  drag  link,  which  is 
objectionable.  Such  a  stop  (L)  is  most  easily  provided  in  the 
case  of  a  reversed  Elliott  type  steering  gear,  as  shown  in  Fig.  240 
at  ^.  At  B  in  the  same  figure  is  shown  the  arrangement  used  in 
A,  At  B  in  the  same  figure  is  shown  the  arrangement  used  in 
the  axles  of  the  Timken  Roller  Bearing  Axle  Co.,  which  have 
Elliott  type  steering  heads.  In  this  case  a  lug  L  on  the  knuckle 
arm  contacting  with  an  adjustable  stop  on  the  axle  forging  limits 
the  steering  motion.  • 
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Knuckle  Arms — The  steering  knuckles  arc  provided  with 
arms  for  interconnection  of  the  two  knuckles  on  opposite  sides 
of  the  car  by  the  tie  rod  and  also  for  connection  to  the  steering 
gear  through  the  drag  link.  Of  course  only  one  of  the  knuckles 
needs  to  be  connected  to  the  steering  gear,  and  usually  the  arm 
of  this  knuckle  is  made  double,  though  occasionally,  especially 
with  reversed  Elliott  type  steering  heads,  one  knuckle  is  provided 
with  two  separate  arms.  The  necessary  length  of  the  arms  and 
other  details  will  be  considered  in  the  chapter  on  the  steering 
gear.     It  is  usually  necessary  to  bend  these  arms  out  of  the 


Fig.  241— Double  Steering  Arms  for  Elliott  Type  Front  Axle. 

horizontal  plane,  at  least  with  Elliott  type  steering  heads,  because 
the  tie  bar  has  to  pass  underneath  the  body  springs  and  the  drag 
link  must  pass  either  over  or  under  the  axle.  Moreover,  the  arm 
for  connection  to  the  drag  link  must  be  given  a  considerable  curve 
in  the  horizontal  plane,  because  with  the  front  wheel  in  the  central 
or  straight  ahead  position  this  arm  usually  extends  practically 
in  the  direction  of  the  axle,  hence  in  an  Elliott  type  axle  it  must 
curve  around  the  vertical  part  of  the  steering  head  and  it  must 
clear  this  part  for  any  position  of  the  front  wheels.  Knuckle 
arms  are  secured  to  iteering  knuckles  with  a  tapered  seat,  being 
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bolted  and  keyed.  The  taper  is  macfe  about  i  :iOp  and  the  nut  is 
secured  by  means  of  a  cotter  pin.  The  key  is  necessary  because 
of  the  crank  effect  due  to  the  bend  in  the  arm.  As  regards  the 
proper  size  of  the  arm,  let  W  represent  the  maximum  weight  on 
one  front  wheel;  a  the  distance  between  the  pivot  axis  and 
the  centre  plane  of  the  wheel,  and  b  the  distance  between  the  pivot 


Fig.  242 — Steering  Arms  for  Reverse  Elliott  Type  Front  Axle. 

axis  and  the  axis  of  the  tapered  portion  of  the  knuckle  arm ;  then 
the  diameter  d  of  the  larger  end  of  the  taper  should  be 

, A  /    "  o-    for  fleasure  cars 

and 

for  trucks. 

The  arm  proper  is  generally  made  of  oval  section,  of  such  size 
as  to  have  the  same  maximum  section  mpdulus  as  the  tapered 
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portion  near  the  latter,  and  tapering  down  slightly  toward  the  free 
end.  Fig.  241  shows  two  typical  designs  of  knuckle  arms,  the  one 
on  the  left  being  for  axles  in  which  the  tie  rod  is  located  to  the 
rear,  in  which  case  the  knuckle  arm  must  point  away  from  the 
wheel,  while  the  one  on  the  right  is  for  axles  in  which  the  tie  rod 
is  in  front,  in  which  case  the  arm  must  approach  the  wheel. 
Fig.  242  shows  a  knuckle  arm  designed  for  a  reversed  Elliott 
type  of  knuckle.  One  of  the  advantages  of  this  type  of  steering 
head  is  that  it  interferes  less  with  the  arrangement  of  the 
knuckle  arm. 

It  is  a  good  plan  to  provide  the  knuckle  arm  on  the  driver's 
side  with  a  drilled  boss  for  the  speedometer  gear  bracket  so  as 
to  make  a  rigid  mounting  of  this  bracket  possible.  The  location 
of  the  holes  is  not  a  matter  of  great  importance,  for  the  reason 
that  universally  adjustable  mountings  for  the  driven  gear  have 
to  be  provided  in  any  case.  A  drilled  boss  permits  of  rigidly 
fastening  the  bearing  bracket  in  place  so  there  is  no  danger  of 
its  being  jarred  loose  and  the  mesh  of  the  gears  becoming  dis- 
turbed. 

Tie  Rod — The  rod  which  connects  the  steering  knuckles  on 
opposite  sides  of  the  car  is  practically  always  made  tubular.  It 
may  be  placed  either  in  front  of  the  axle  or  to  the  rear  of  it. 
The  former  arrangement  has  the  advantage  that  the  rod  ordinarily 
works  under  tension,  while  with  the  latter  it  works  under  com- 
pression. That  is  to  say,  the  road  resistance  encountered  by  the 
front  wheels,  acting  through  the  bell  cranks  formed  by  the  steer- 
ing knuckles  and  arms,  puts  a  tension  on  the  tie  rod  with  the  first 
mentioned  construction  and  a  compression  with  the  second.  Of 
course,  the  force  impressed  upon  the  rod  by  the  driver  in  steering 
the  car  produces  a  tension  for  one  direction  of  motion  and  a 
compression  for  the  other  with  both  constructions.  The  advantage 
claimed  for  the  second  arrangement  is  that  the  relatively  frail  tie 
rod  is  much  better  protected  from  injury  back  of  the  axle  than  in 
front  of  it.  Of  the  pleasure  cars  exhibited  at  the  1912  New 
York's  shows  89  per  cent,  had  the  tie  rod  back  of  the  axle,  and 
II  per  cent,  had  it  in  front 

Considering  the  tie  rod  located  back  of  the  axle,  the  maximum 
compressive  stress  may  be  represented  by  the  expression 
p_clVa 
b 
where  c  is  a  constant;  W,  the  maximum  weight  on  one  front 
wheel ;  a,  the  distance  between  the  centre  plane  of  the  wheel  and 
the  pivot  axis,  and  h,  the  length  of  the  knuckle  arm.    The  rod 
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acts   like  a  column    with    free   ends,   the   permissible   load    for 
which  is 

S  A 


P  = 


/2 


(Rankin's  equation),  where  S  is  the  safe  working  stress  of  the 
material;  A,  the  sectional  area  of  the  rod;  q,  a  constant;  /,  the 
length  of  the  rod,  and  r  the  least  radius  of  gyration  of  the  sec- 
tion.   For  a  solid  rod, 

Z?2 


"'  =  7?' 

for  a  tube. 

i6 

Hence 

cWa           S  A 

'  -.+..^ 

With  ths  proportions  obtaining  in  steering  tie  rods  we  may 
write 

c  Wa        SA 


without  committing  a  great  error.    Remembering  that  for  a  hol- 
low circular  section 

4 
and 

"^ ^6 

we  get,  by  substitution, 

b     ~        64^/« 
which  may  be  transformed  to  read 

\6^gcJ  \  J  b 

All  of  the  factors  in  the  first  pair  of  parentheses  may  be  re- 
garded as  constant,  and  we  may  denote  this  term  by  C,  which 
gives  us 

n*-^*^'^ (64) 
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The  value  of  C  should  be  1,000,000  for  pleasure  car  axles  with 
the  tie  rod  in  the  rear;  1,500,000  for  pleasure  car  axles  with  the 
tie  rod  in  front  and  for  truck  axles  with  the  tie  rod  in  the  rear, 
and  2,000,000  for  truck  axles  with  the  tie  rod  in  front.  It  might 
be  argued  that  the  above  reasoning  does  not  apply  to  the  case 
of  a  tie  rod  in  front  of  the  axle,  because  in  the  latter  it  is  nor- 
mally under  tension  instead  of  under  compression.  However, 
it  is  the  extreme  conditions  that  determine  the  necessary  strength 
of  a  part,  and  it  is  most  likely  that  a  tie  rod  in  front  of  the  axle 
is  subjected  to  the  greatest  unit  stress  when  the  driver  suddenly 
wrenches  his  steering  wheel  around  in  such  a  direction  as  to 
put  the  tie  rod  under  compression,  in  case  the  "ofF'  wheel  is 
restrained  from  turning  in  that  direction  by  a  rut,  etc.  In 
using  equation  (64),  calculate  the  value  of  the  right  hand  term; 
assume  a  value  for  D,  and  calculate  the  necessary  value  of  d. 
If  the  result  is  unsatisfactory  assume  another  value  for  D^  The 
wall  thickness  must  not  be  chosen  too  small,  because  the  tube 
has  to  be  threaded  for  the  connector.  Equation  (64)  is  intended 
for  straight  tie  rods  only;  if  the  rod  is  cranked  at  the  middle 
to  clear  the  engine  or  under-pan  it  must  be  made  stiffen 

The  length  of  the  tie  rod  is  so  adjusted  that  when  the  car 
stands  on  the  factory  floor  with  the  front  wheels  in  the  central 
position,  the  distance  apart  of  the  wheel  rims  in  front  of  the 
axle  at  the  height  of  the  spindle  is  from  ^  to  ^  inch  less  than 
the  corresponding  distance  back  of  the  axle.  This  slight  "toeing 
in''  is  intended  to  allow  for  the  slight  play  in  the  joints  and 
flexure  of  the  members  when  the  car  is  being  driven  on  the  road, 
so  that  in  actual  road  driving  the  wheels  will  be  substantially 
parallel. 

Tie  Rod  Connectors — The  ends  of  the  knuckle  arms  swing 
in  the  same  plane,  and  the  tie  rod,  therefore,  is  connected  to 
the  arms  by  forked  connectors.  The  connector  (Fig.  243)  is 
usually  screwed  over  the  end  of  the  tie  rod,  its  hub  being  split 
for  some  distance  along  its  length  and  provided  with  clamp  lugs, 
and  it  is  securely  clamped  down  on  the  rod.  The  bearing  of  the 
connector  pin  may  either  be  in  the  knuckle  arm  or  in  the  con- 
nector. In  high  grade  cars  this  bearing  is  bushed  with  bronze  or 
hardened  steel,  and  lubricating  means  are  provided,  either  a  small 
oil  cup  or,  preferably,  a  small  compression  grease  cup.  The  pro- 
jected bearing  area  should  be  about 

A  = square  inches. 

350^ 
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Making  the  length  of  the  bearing  from  two  to  three  times  the 
diameter  g^ves  a  pin  amply  strong  to  withstand  the  shearing 
stress.  Owing  to  the  fact  that  the  safety  of  the  passengers  de- 
pends upon  the  integrity  of  the  steering  linkage,  the  connector 
pin  nut  must  be  securely  locked.  In  fact,  everjrthing  pertaining 
to  the  steering  mechanism  must  be  absolutely  reliable. 

Tubular  and  Pressed  Steel  Axles^Tubular  front  axles  are 
generally  made  from  nickel  steel  tubing,  which  has  a  tensile 
strength  of  120,000  pounds  per  square  inch  and  may  be  worked  at 
12,000-15,000  pounds  per  square  inch.  Such  axles  have  the  same 
strength  in  the  horizontal  as  in  the  vertical  plane,  and  therefore 
are  not  easily  bent  by  striking  obstructions.  In  the  case  of  cars 
with  comparatively  wide  frames  the  spring  seats  may  be  forged 
integral  with  the  axle  ends,  which  are  pinned  and  brazed  or 


Fig.  243. — Tie  Rod  Connector. 


merely  clamped  to  the  axle  tube.  Some  designers  prefer  clamp- 
ing to  brazing,  because  in  the  latter  process  the  metal  is  likely 
to  be  overheated  and  thus  weakened.  In  smaller  cars  with  a 
comparatively  narrow  frame  this  scheme  is  not  praticable  and 
the  spring  seats  must  be  separately  clamped  or  pinned  and 
brazed  to  the  tube.  In  pressed  steel  axles  both  the  forged  axle 
ends  and  the  spring  seats  are  riveted  to  the  pressed  steel  part. 
For  the  axle  end  rivets  are  placed  both  vertically  and  horizontally. 
These  pressed  steel  axles  are  made  from  carbon  steel  stock,  as  a 
rule,  and  with  that  material  the  stress  should  be  limited  to 
10,000  pounds  per  square  inch. 

Manufacture  of  Front  Axles — The  chief  machining  opera- 
tions on  a  front  axle  are  the  facing  of  the  ends  of  the  steering 
heads  and  the  drilling  and  reaming  of  the  holes  for  the  pivot 
pins.    The  four  faces  of  an  Elliott  type  steering  head  are  usually 
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faced  in  one  operation  in  a  milling  machine  by  means  of  four 
milling  cutters  mounted  on  the  same  spindle  the  proper  distances 
apart.  If  the  production  is  carried  on  at  a  sufficiently  large 
scale,  a  special  double  milling  machine  finishing  both  ends  of  the 
axle  at  the  same  time  would  possess  considerable  advantage. 
Fig.  244  shows  the  method  employed  at  the  plant  of  the  Timken- 
Detroit  Roller  Bearing  Axle  Co.  for  boring  and  reaming  the 
holes  for  the  pivot  pin.  A  special  double  ended  machine  tool  is 
used  for  this  purpose,  which  permits  of  finishing  both  ends  of 
the  axle  at  the  same  time.  Each  spindle  of  the  tool  is  driven 
separately  by  belt  from  countershafts.  * 
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THE  STEERING  GEAR. 

Historical— Instead  of  the  fifth  wheel  steering  arrangement 
used  on  horse  vehicles,  the  divided  axle  is  universally  employed 
on  automobiles.  This  was  invented  by  Lankensperger,  of  Munich, 
in  1817.  The  English  patent  on  it  was  taken  out  in  the  name  of 
Rudolph  Ackerman,  and  in  English  speaking  countries  the  gear,  in 
consequence,  has  come  to  be  known  as  the  Ackerman  steering  gear. 
A  refinement  of«this  steering  mechanism  for  automobile  purposes 
was  introdui^ed  in  1878  by  Charles  Jeantaud,  a  French  carriage 
builder,  who  devised  what  is  known  as  the  Jeantaud  diagram. 
Jeantaud,  it  seems,  recognized  the  principle  that  if  the  vehicle  is  to 
turn  a  corner  without  sideward  slip  of  any  of  the  wheels,  the  link- 
age of  the  steering  wheels  must  be  so  arranged  that  the  axles  of  all 
the  wheels  produced  always  intersect  a  common  vertical  line,  the 
vertical  line  forming  the  momentary  axis  of  rotation.  Jeantaud 
found  that  in  order  to  approximately  fulfil  this  condition,  the 
steering  arms,  instead  of  being  parallel,  must  be  inclined  toward 
each  other  when  they  extend  to  the  rear  of  the  axle,  and  away 
from  each  other  when  they  extend  forward  of  the  axle;  and  his 
diagram,  which  is  intended  to  give  the  correct  inclination  of  the 
arms,  indicates  that  the  centre  lines  of  the  arms  produced  should 
meet  at  the  middle  of  the  rear  axle.  More  recent  investigations 
of  the  steering  problem  have  shown  that  with  the  ordinary 
trapeze  form  of  steering  linkage  it  is  impossible  to  absolutely 
satisfy  the  condition  of  correct  steering,  and  that  for  a  minimum 
error  for  the  whole  steering  range  the  point  of  intersection  of 
the  two  steering  arms  produced  lies  some  distance  in  front  of 
the  rear  axle. 

Tlieory  of  Steering  Mechanism— In  the  following  investiga- 
tion we  will  denote  the  length  of  the  wheel  base  by  W;  the  dis- 
tance between  steering  pivots  by  L;  the  inclination  of  the  inner 
wheel  axis  by  a ;  the  inclination  of  the  outer  wheel  axis  hy  P\  the 
inclination  of  the  knuckle  arms  by  9\  the  length  of  the  arms  by  /. 
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Referring  to  Fig.  245,  it  will  be  seen  that 
ac  _ 
7d~ 


and 


Hence 


cd 


be  — act        L\  ^a 

This  equation  enables  us  to  plot  the  required  values  of  /?  corre- 
sponding to  different  values  of  a  for  any  ratio   -  •   It  expresses 

w 


Fig.  245. 

the  condition  which  should  be  satisfied  by  the  gear,  but  furnishes 
no  guide  as  to  how  this  may  be  accomplished. 

Graphical  Solution  of  Steering  Problem— There  is  no  di- 
rect analytical  method  for  determining  the  most  advantageous 
angle  of  the  knuckle  arms,  and  some  graphical  method  is  usu- 
ally employed.  By  laying  the  steering  diagram  off  on  the  draw- 
ing board  to,  say,  half  size,  a  sufficient  degree  of  accuracy  is 
attained.  Unfortunately,  for  small  deflections  of  the  front 
wheels,  the  distance  of  the  point  of  intersection  of  the  wheel 
axes   is   so   far   from   the   axis   of   the   car   that   it   falls   far 
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outside  the  limits  of  an  ordi- 
nary drawing  board,  and  ac- 
curacy of  the  linkage  with  small 
deflections  is  of  special  impor- 
tance, for  the  reason  that  the 
wheels  are  turned  through  a  small 
angle  very  much  oftefier  than 
through  a  big  angle,  and  the  car 
generally  runs  at  a  much  higher 
speed  when  describing  curves  of 
large  than  of  small  radius.  This 
difficulty  may  be  overcome  as 
follows  (Fig.  246) :  From  points 
a  and  b,  denoting  the  steering 
pivots,  draw  lines  perpendicular 
to  the  axles  which  will  intersect 
the  rear  axle  at  e  and  f.  Next, 
draw  a  line  from  the  middle 
point  g  of  the  front  axle  to  point 
e.  Then  lines  drawn  from  the 
pivot  points  a  and  b  to  any  point 
on  line  g  e  will  make  with  the 
front  axle  corresponding  steering 
angles.  This  may  be  proven  as 
follows : 


Fig.  246. 


cot  a  = . 


ag  —  ^g 


and 

But 

and  substituting, 


ih~ 
cotp^^  = 


ih      ' 


ih 
.  • .  cot  jS  —  cot  0= 


ih 
lig 
ih 


ih 


ae 


cotP  —  cota  =  ^-Bi^  =,Jl- 
ae  W 


Now  assume  steering  arms  of  a  definite  length  and  making  a 
certain  angle  with  the  longitudinal  vehicle  axis.  Next  de- 
termine graphically  the  deflection  of  the  outer  wheel  for  various 
assumed  deflections  of  the  inner  wheel,  say,  8;  16,  24,  32,  40 
and  48  degrees,  for  these  steering  arms.  This  has  been  done  in 
Fig.  247  for  two  particular  cases.  The  following  dimensions 
were  assumed  in  making  this  drawing:  L=50  inches;  /= 7 indies 
and  angle  0  =  15  and  20  degrees,  respectively.    The  values  of 
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angle  P  were  determined  graphically  for  values  of  angle  «  of  8, 
i6,  24,  32,  40  and  48  degrees,  respectively.  After  these  values  of 
angle  P  had  been  found,  corresponding  angles  a  and  P  were  laid 
off  on  opposite  ends  of  the  line  L,  Through  the  points  of  inter- 
section of  the  lines  describing  corresponding  angles  were  drawn 
curves,  one  for  the  15  degree  knuckle  arms  and  the  other  for  the 
20  degree  knuckle  arms.  These  may  be  called  steering  error 
curves,  because  their  deviation  from  the  diagonal  line  ge  (Fig. 
246)  indicates  the  error  in  the  steering  angles.    In  Fig.  247  the 

diagonal  jT^  corresponding  to  the  value  —-=4.5  is  drawn  in.     It 

will  be  seen  that  for  small  deflections  the  angle  of  the  outer 
wheel  is  too  large  with  both  15  and  20  degree  knuckle  arms. 
The  20  degree  knuckle  arm  gives  the  correct  deflection  of  the 
outer  wheel  at  about  26  degrees  of  the  inner  wheel,  and  the  15 
degree  knuckle  arm  gives  the  correct  deflection  of  the  outer 
wheel  at  46  degrees  deflection  of  the  inner  wheel.  Beyond  these 
points  the  angle  of  the  outer  wheel  is  too  small.  It  may  readily 
be  seen  from  this  that  the  most  advantageous  angle  of  the 
knuckle  arms  depends  upon  the  turning  range  of  the  inner  wheel. 
Thus,  if  the  motion  of  the  inner  wheel  were  limited  to  32 
degrees,  the  20  degree  knuckle  arm  would  be  the  best,  whereas 
if  the  range  of  motion  of  the  inner  wheel  were  as  large  as  45 
degrees,  the  angle  of  the  knuckle  arm  should  be  about  18  de- 
grees— for  a  value  of  —  =4-5. 

In  order  to  use  this  method  for  the  practical  determination  of 
the  proper  knuckle  arm  angle,  steering  error  curves  for  differ- 
ent knuckle  arm  angles  and  lengths  should  be  laid  out  very 
carefully  for  permanent  use,   and   in   any  particular  case  the 

diagonal  g  e  corresponding  to  the  particular  value  of    — ^    should 

be  placed  on  the  chart  in  pencil,  when  the  most  advantageous 
knuckle  arm  angle  will  at  once  be  apparent. 

An  Analytical  Method— 7An  ingenious  analytical  method  of 
determining  the  deflection  of  the  outer  wheel  corresponding  to  a 
given  deflection  of  the  inner  wheel  has  been  published  by  Her- 
bert C.  Snow  (The  Horseless  Age  of  April  13,  1910).  A  short 
resume  of  this  method  follows : 

Four  different  cases  have  to  be  considered,  viz.,  with  the 
knuckle  arms  in  front  and  in  the  rear,  respectively,  and  with  the 
knuckle  arm  angle  6  greater  and  less  than  the  deflection  P  of 
the  outer  wheel,  respectively.  In  Fig.  248  the  knuckle  arms  ex- 
tend to  the  rear  of  the  axle  and  angle  O  is  greater  than  p.    In 
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this  diagram  the  knuckle  arms  are  purposely  shown  abnormally 
long,  for  the  sake  of  greater  clearness.    Referring  to  the  Fig., 

M^L  —  2lsinB 

ge=zlsin  («+*) 

ga  =  lcos  {a  +  9) 

hi=jb  =  lsin  (^  — « 

ge^M  —  N^hi^L 
Substituting  values  oi  ge  and  h  i, 

I  sin  (tt  +  ^)+lf  — //  +  /jm(^  — P)=L 
Substituting  the  value  of  M, 

I  sin  (a-\'9)^L^2lsin9  —  N-^lsin(e^p)^L 
Transposing  and  dividing  by  I, 


sin   (^  — i8)=2jin^  — jm(a  +  ^)+J^ 


.(65) 


r* 

r 

L  = 

■    jr    . 

( 

V 

P 

"^^    \*  \^ 

j^.^ — 

zr^ 

9 

V— ;*• 

"■"• 

~'~'J'^~ 

^^ 

M                    "■-       -• ::>*iJt_J 

Fig.  248. 

By  a  similar  process  of  reasoning  it  is  found  that  with  fi  greater 
than  9  and  the  arms  extending  to  the  rear 


.(66) 


sin  (/3  —  9)=  sin  (o  -|-  •)  —  2  sin  9  —  —  , 

with  fi  smaller  than  9  and  the  arms  in  front  of  th*  axle — 

sin  (9  —  fi)  =  2  sin  9  —  sin  (^  -|-  o)  —  — (67) 

and  with  P  greater  than  9  and  the  arms  in  front  of  the  axle 

AT 


.(68) 


sin(P  —  9)=sin(9-\-a)'-2Stn9-^-lL^ 

These  various  equations  cannot  as  yet  be  solved  because  N  is 
not  known.  The  value  of  N  in  terms  of  known  factors  may  be 
found  as  follows :  O  =jf  -\-jh. 

When  p  is   smaller  than  9^ 

jf=-lcos(9-p) 
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hence 

O  =  I  cos  («  —  /S)  —  I  cos  (o  -f  ^)  =  /  [cos  (e  —  §)  —  cos  (a+0)],  .(69 
Similarly,  when  p  is  greater  than  B, 
j'f=Uos(fi  —  e) 
and 

O  =  /  [cos  (fi  —  e)—cos(a-\'9)] (70) 

In  every  case 

and 

N=Af-^j^»^0^ (71 

The  equations  thas  derived  permit  of  accurately  determin- 
ing the  angle  of  the  outer  wheel  corresponding  to  any  angle 
of  the  inner  wheel,  the  proportions  of  the  linkage  being  given. 
The  following  example  shows  its  method  of  application:  Sup- 
pose the  distance  L  between  pivots  to  be  50  inches;  the  length 
/  of  the  knuckle  arms,  6.5  inches;  ^,  20  degrees,  and  a,  30  de- 
grees, the  knuckle  arms  extending  to  the  rear  of  the  axle. 
Then  according  to  equation  (66) 

stn  (P  —  20**)  =  sin  (20  +  30)°  —  2  sin  20®  —  — - 
Disregarding  the  term     -      for  the  moment  we  get  for  a 

first  trial  value 

sin  (/3  —  20°)  =  o .  082 . 
/S  =  24'  42'. 
Inserting  this  value  of  /9  in  equation  (70)  we  get 
O^  6.5   (0.9966  —  0.6428)  =  2.2997, 
and  inserting  this  value  in  equation   (71)  we  get 

J\r  =  0.053. 
Now  using  this  value  N  in  equation  (66)  we  get 

/S  =  25'  10'. 
The  calculations  could  be  continued  further,  but  Mr.  Snow 
has  shown  that  the  second  trial  value  is  correct  within  one  min- 
ute in  the  most  extreme  case,  which  is  as  high  a  degree  of  ac- 
curacy as  is  required  in  practical  work. 

Using  this  method,  Mr.  Snow  calculated  the  error  in  the 
steering  angle  for  each  of  the  turning  angles  25**  and  30°  of 
the  inner  wheel,  with  the  knuckle  arms  set  at  from  15"  to  30*, 
extending  both  to  the  front  and  the  rear,  using  four  ratios 

—     in  each  case,  viz.,  0.10,  0.12,  0.14  and  0.16.     The  results 

of  these  calculations  are  plotted  in  Charts  IV  and  V.    These 
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charts  give  the  best  value  for  the  angle  of  the  knuckle  arms 
for  limiting  turning  angles  of  33*  and  40*  of  the  outer  wheel. 

when  the  values  of  — —  and  --  are  known. 

General  Arrangement  of  Gears — ^Automobiles  are  steered 
by  means  of  hand  wheels,  which  in  the  case  of  pleasure  cars 
are  located  at  the  top  of  a  rearwardly  inclined  steering  col- 
umn, and  in  the  case  of  trucks,  at  the  top  of  a  vertical  or 
nearly  vertical  column.    The  spider  of  the  hand  wheel  is  se- 


.30        ,S^  .36  f^Z  .-^  ,SO  ,S^  .^«         .CZ 

Chart  IV. — Proper  Knuckle  Arm  Angles  for  a  Limiting  De- 
flection ^  OF  Thirty-three  Degrees. 

cured  to  a  shaft  which  generally  passes  down  inside  an  outer 
stationary  tube.  At  the  bottom  of  the  shaft  is  located  the  so- 
called  steering  mechanism  which  reduces  the  motion  of  the 
hand  wheel.  This,  in  the  great  majority  of  cases,  consists  of 
either  a  worm  and  worm  wheel  sector  or  a  worm  and  complete 
worm  wheel.  A  worm  and  nut  mechanism  is  also  used  to  quite 
an  extent,  particularly  abroad,  while  spur  pinion  and  rack,  and 
bevel  pinion  and  bevel  gear  sector  mechanisms  are  used  in  a  few 
cases. 
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Generally  the  steering  motion  is  geared  down  in  such  a 
ratio  that  it  requires  from  one  to  one  and  a  half  complete 
turns  of  the  steering  hand  wheel  to  turn  the  front  wheels 
from  hard  over  one  way  to  hard  over  the  other  way.  The 
linkage  connecting  the  steering  mechanism  with  one  of  the 
knuckle  is  generally  so  proportioned  that  the  steering  arm 
which  is  secured  to  the  steering  device  turns  through  an 
angle  of  about  60  degrees  while  the  road  wheels  are  turned 
through  their  entire  range.     This  implies  a  reduction  ratio 


W'30  J4  .Sa  .¥2  .^  .so  ,S4-  .S^  «2 

Chart  V.— Proper  Knuckle  Arm  Angles  for  a  Limiting  De- 
flection fi  of  Forty  Degrees. 

of  the  steering  mechanism  of  from  6:1  to  9:1.  The  smaller 
reduction  can  be  used  for  light  cars  and  the  larger  one  for 
heavy  touring  cars  and  trucks. 

Reversible  and  Non-Reversible  Qears — ^For  powerful, 
high  speed  cars  it  is  generally  considered  best  to  have  the 
steering  gear  back-locking  or  irreversible;  that  is  to  say,  so 
designed  that  any  shocks  received  by  the  road  wheels  will 
not  be  transmitted  to  the  steering  hand  wheel.  This  un- 
doubtedly makes  for  comfortable  driving  under  all  circum- 
stances, and  for  safety  in  driving  at  high  speed.     On  the  other 
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hand,  for  moderately  powered  cars  a  slightly  reversible  steer- 
ing gear  has  an  advantage,  because  it  greatly  reduces  the 
shocks  on  the  steering  mechanism,  as  well  as  on  the  front 
axle.  It  is  obvious  that  with  an  absolutely  irreversible  mech- 
anism any  shocks  received  by  the  front  wheels  are  entirely 
taken  up  by  the  steering  mechanism,  whereas  with  a  slightly 
reversible  mechanism  the  shocks  are  partly  transmitted  to  the 
steering  wheel,  and  the  strain  on  the  steering  members  is 
relieved  by  the  cushioning  effect  due  to  yielding  of  the 
driver's  arm.  There  is  no  fixed  angle  of  lead  of  the  worm 
below  which  the  worm  gear  is  non-reversible,  as  the  point 
where  it  becomes  reversible  depends  upon  the  materials,  the 
finish  and  the  state  of  lubrication  of  the  mechanism.  Assum- 
ing a  coefficient  of  friction  of  o.i  the  worm  gear  efficiency 
formula  given  in  a  previous  chapter  shows  that  a  worm  gear 
becomes  back-locking  when  the  angle  of  lead  drops  below 
6  degrees,  but  this  formula  takes  no  account  of  the  bearing 
friction.  Generally,  when  it  is  desired  to  make  the  steering 
mechanism  irreversible  the  angle  of  lead  is  made  from  8  to 
10  degrees,  whereas  for  a  slightly  reversible  gear  a  lead  angle 
of  12  to  i6  degrees  is  chosen. 

Calculation  of  Worm  and  Wheel— Steering  mechanisms  of 
the  worm  and  sector  or  worm  and  wheel  types  are  calcu- 
lated by  means  of  the  formulae  for  worm  gearing  given  in  an 
earlier  chapter.  Since  the  steering  arm  usually  swings  only 
through  an  angle  of  6o  degrees,  only  about  go  degrees  of  the 
worm  wheel  comes  in  contact  with  the  worm  teeth,  while 
the  front  wheels  are  moved  through  their  entire  turning 
range.  Formerly  it  was  customary  to  use  a  sector  embracing 
only  about  90  degrees  of  the  complete  wheel,  and  this  practice 
still  prevails  abroad,  but  in  recent  years  it  has  become  the 
custom  in  this  country  to  employ  a  complete  wheel,  the  shaft 
of  the  wheel  being  squared  where  the  steering  arm  is  se- 
cured to  it,  so  that  after  one  section  of  the  wheel  shows  ap- 
preciable wear,  the, wheel  can  be  turned  through  an  angle  of 
90  degrees  and  another  quarter  section  brought  into  action. 
The  wearing  portion  of  the  worm  wheel  can  thus  be  renewed 
three  times  in  succession. 

Both  the  worm  and  the  wheel  of  a  steering  mechanism  are 
made  of  steel.  The  conditions  differ  from  those  under  which 
a  worm  gear  transmission  operates  in  that  mechanical 
strength  of  the  teeth  is  the  chief  consideration  rather  than 
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minimum  friction,  for  which  reason  steel  is  used  for  the  wheel 
instead  of  bronze.    The  worm  is  usually  case  hardened. 

As  regards  its  ability  to  sustain  tangential  loads,  the  worm 
wheel  of  a  steering  mechanism  does  not  differ  much  from  a 
spur  gear,  and  the  necessary  size  of  the  wheel  may  be  deter- 
mined by  a  method  similar  to  that  used  for  the  calculation  of 
spur  gears.  In  the  chapter  on  the  change  speed  gear  we 
found  that  the  maximum  safe  tangential  load  of  a  spur  gear 
is  given  by  the  equation 

tv^Spfy, 
where  5*  is  the  maximum  permissible  unit  stress;  p  the  circu- 
lar pitch;  f  the  face  width  and  y  a  constant.  The  constant  y 
may  be  neglected  in  this  case  because  the  number  of  teeth  used 
in  the  wheels  bf  worm  steering  mechanisms  does  not  vary  much. 
Roughly  speaking,  the  face  width  f  is  proportional  to  the  pitch 
diameter  of  the  worm,  which  in  turn  is  proportional  to  the  dis- 
tance between  the  axes  of  worm  and  wheel.  Also,  the  tangential 
force  on  the  worm  wheel  acts  through  an  arm  equal  to  the  radius 
of  the  wheel,  which  is  also  proportional  to  the  distance  D  between 
the  axes  of  worm  and  wheel.  Hence,  the  moment  which  the 
worm   wheel   will    sustain, 

Mt  -  />»/. 
On  the  other  hand,  the  maximum  turning  moment  which  will  be 
impressed  upon  the  worm  wheel, 

b 
Where  W  is  the  maximum  weight  on  one  front  wheel;  a,  the 
distance  between  the  centre  plane  of  the  wheel  and  the  steering 
pivot;  bt  the  length  of  the  knuckle  arm  and  c,  the  length  of  the 
steering  arm.     Hence  we  may  write 

b 
Data  on  hand  shows  that  in  modem  pleasure  car  practice 


D  =  \/- 


J^  V-- (72) 

600  ^  bf 


and  in  motor  trucks  fitted  with  solid  tires 


y  1,200^  bf  ^ 

Six  pitch  teeth  are  usually  employed  in  pleasure  car  steering 
gears,  and  four  pitch  teeth  in  gears  for  heavy  trucks.  The  worm 
is  made  with  from  two  to  four  threads.  Equations  (72)  and  (73) 
are  useful  as  an  indication  of  the  capacity  of  different  geari 
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They  are  intended  to  be  used  only  in  connection  with  mechan- 
isms comprising  a  full  wheel;  when  a  sector  is  use4  the  centre 
distance  for  a  certain  capacity  should  be  made  somewhat  greater, 
as  with  no  means  for  compensating  for  wear  of  the  teeth  it  is 
advisable  to  reduce  the  wear  by  keeping  down  the  unit  tooth 
pressure. 

We  will  now  illustrate  the  design  of  a  worm  and  wheel  steer- 
ing mechanism  by  the  example  of  a  gear  for  a  medium  sized 
touring  car  with  a  maximum  weight  of  750  pounds  on  one  front 
wheel  and  a  distance  of  2^  inches  between  the  centre  plane  of 
the  wheel  and  the  pivot  axis.  We  may  assume  that  the  steering 
arm  and  knuckle  arm  are  of  equal  length.  If  the  pitch  of  the 
teeth  is  to  be  6,  then  the  required  centre  distance  of  worm  and 
wheel  is 


/ 


75^  w  ?.l75  ==  2. 57  inches. 
600  ^0.52 


Now  suppose  that  the  worm  has  three  threads  and  an  angle  of 
lead  of  14  degrees,  so  as  to  be  slightly  reversible.  Then  the 
worm  pitch  diameter  will  be. 

3X05236     ==,,^^^i„,^,s. 
3.1416X0.342 
A  wheel  with  21  teeth  would  give  a  reduction  of  7  to  i  and 
would  require  a  little  over  one  complete  turn  of  the  steering 
wheel  to  turn  the  steering  arm  60  degrees.    Such  a  wheel  would 
have  a  pitch  diameter  of 

3.1416X0.9703 
The  centre  distance  then  would  be 

Lm  +  3:^  =  2.5S8  inches. 

2 

This  is  almost  exactly  the  centre  distance  required  according  to 
equation  (72).  If  the  centre  distance  had  come  out  a  little  too 
small  we  could  have  chosen  one  or  two  more  teeth  for  the  wheel 
and  made  the  calculation  over. 

The  included  angle  of  the  wheel  face  is  usually  made  between 
45  and  60  degrees. 

It  is  somewhat  difficult  to  arrive  at  a  basis  for  dimensioning 
the  steering  gear,  since  the  forces  which  the  different  parts 
are  called  upon  to  transmit  are  indeterminate.  These  forces, 
of  course,  increase  directly  with  the  weight  on  each  front 
wheel,  and  substantially  as  the  distance  between  the  centre 
plane  of  the  wheel  and  the  steering  pivot  axis.     The  forces 
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also  increase  with  the  maximum  speed  of  the  car,  but  rather 
than  to  introduce  the  speed  into  formulae  for  the  dimensions 
of  the  gear  it  will  be  advisable  to  use  different  constants  in 
such  formulae  for  gears  intended  for  different  classes  of  vehi- 
cles. The  author  has  found  that  in  average  pleasure  car 
practice  the  torsional  strength  of  the  worm  wheel  shaft  at  the 
elastic  limit  of  the  material  is  about  seven  times  greater  than 
the  product  of  the  weight  on  each  front  wheel  into  the  dis- 
tance between  the  centre  plane  of  the  wheel  and  the  steering 
pivot  axis,  and  in  truck  practice  three  and  one-half  times 
greater.  These  coefficients  will  serve  as  a  basis  for  portion- 
ing the  worm  wheel  shaft,  the  steering  arm  and  the  drag 
link.  The  proper  size  of  the  worm  wheel  shaft  can  be  deter- 
mined first,  and  the  other  parts  enumerated  can  be  made  of 
such  size  that  they  are  strained  to  their  elastic  limit  when  the 
shaft  is  strained  to  this  point. 

The  usual  formula  for  the  torsional  strength  of  a  round 
shaft  is 

r= 0.196  <i*  S. 

If  the  shaft  is  square  at  one  end  for  fitting  the  steering  arm 
its  strength  is  reduced  to  about 

7«o.i4  (^  S, 

If  now  we  make  5"  equal  to  the  elastic  limit  of  the  material 
then  for  pleasure  cars, 

7  W^a«o.i4  <i*  S 


and 


r=/5^ 


IVa 


.(7a) 


while  for  motor  trucks 


,.v^ 


25  IVa 


.(73) 


These  formulae  are  to  be  used  only  for  the  conventional  con- 
struction, as  they  would  fail  if  the  steering  pivot  were  in  the 
centre  of  the  wheel. 

The  worm  wheel  shaft  is  preferably  forged  integral  with  the 
wheel,  owing  to  the  fact  that  space  in  the  direction  of  the 
axis  of  the  worm  wheel  is  limited,  at  least  if  the  shaft  is 
mounted  in  plain  bearings,  as  is  usually  the  case,  and  it  is 
therefore  difficult  to  secure  the  worm  wheel  or  sector  rigidly 
by  keying  or  otherwise. 
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Bearings — Each  of  the  two  parts  of  a  worm  and  wheel  steer- 
ing gear  is  subjected  to  both  thrust  and  radial  loads,  the 
thrust  load  on  the  worm  being  particularly  great.  Ball  thrust 
bearings  are  nearly  always  provided  on  the  worm  shaft, 
whereas  the  radial  load  on  this  shaft  is  generally  taken  on 
plain  bearings,  though  in  some  instances  cup  and  cone  bear- 
ings are  used  to  take  both  the  radial  and  thrust  load.  This 
applies  to  both  the  worm  and  the  wheel.  The  cup  and  cone 
bearing  would  seem  to  have  special  advantages  in  this  case, 
and  it  is  somewhat  surprising  that  it  is  not  more  extensively 
used.  In  the  majority  of  cases  the  wheel  shaft  is  mounted 
in  plain  bearings  and  has  plain  thrust  washers  of  bronze 
or  hardened  steel.  In  gears  for  the  cheaper  grade  of  cars 
the  shaft  of  the  worm  wheel  or  sector  is  generally  supported 
in  one  bearing  only,  but  this  is  not  as  satisfactory  as  bearings 
on  opposite  sides  of  the  wheel.  The  total  bearing  length  of 
the  worm  wheel  shaft  is  made  from  three  diameters  in  the 
case  of  a  single  bearing  to  as  high  as  six  diameters  in  the 
case  of  two  bearings.  From  four  and  one-half  to  five  diam- 
eters is  good  average  practice.  As  in  other  parts,  the  bush- 
ings must  be  held  from  turning  in  the  hubs,  and  this  is  gen- 
erally accomplished  by  splitting  the  ends  of  the  hubs  for  a 
certain  distance  and  clamping  them  on  the  bushings. 

In  order  to  provide  means-  for  adjusting  the  mesh  of  the 
worm  and  the  wheel,  eccentric  bearing  bushings  are  some- 
times placed  on  the  wheel  shaft,  which  can  be  turned  in  the 
hubs  of  the  housing  and  secured  in  any  position.  Such  an 
adjustment  permits  of  compensating  for  errors  in  machining 
the  housing,  but  not  for  wear  of  the  worm  and  wheel. 

Steering  Shaft — The  steering  shaft  to  which  the  worm  is 
secured  presents  quite  an  engineering  problem.  The  size  of 
the  worm  limits  the  external  diameter  of  this  hollow  shaft, 
and  its  internal  diameter  is  limited  by  the  fact  that  it  must 
contain  three  concentric  members,  viz.,  a  stationary  tube 
which  supports  the  sector  on  which  the  spark  and  throttle 
levers  move,  the  throttle  control  tube  and  the  spark  control 
shaft,  together  with  bearing  bushings  for  the  latter  two.  Yet, 
the  steering  shaft  must  have  an  appreciable  wall  thickness 
because  the  worm  and  the  steering  hand  wheel  have  to  be 
keyed  or  otherwise  rigidly  secured  to  it. 

The  worm  calculated  in  the  foregoing  example,  which  had 
a  pitch  diameter  of  about  2^9  inches  and  a  bottom  diameter  of 
about  i§i,  is  about  as  small  a  worm  as  is  used  in  steering 
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gears.  The  largest  diameter  of  steering  shaft  that  this  will 
take  is  about  1%  inches  outside  diameter.  If  the  control 
shafts  are  to  be  placed  concentric  with  the  steering  shaft  the 
largest  possible  wall  diameter  of  the  latter  is  one-eighth  inch. 
The  different  concentric  members  could  then  be  made  of  the 
following  dimensions:  Spark  shaft,  live-sixteenth  inch  diam- 
eter; throttle  control  shaft,  one-half  inch  o.  d.^and  three- 
eighth  inch  i.  d.;  stationary  tube,  three-quarters  inch  o.  d., 
five-eighths  inch  i.  d. 


Fig.  249. — Worm  and  Wheel  Steering  Mechanism  With  One 
Part  Casing. 

In  steering  gears  of  large  size,  where  the  worm  diameter 
does  not  limit  the  outside  diameter  of  the  hollow  shaft  so 
closely,  a  tube  with  a  three-sixteenth  inch  or  even  thicker  wall 
is  used,  which  permits  of  securely  keying  the  worm  and  hand 
wheel  to  it,  and  the  middle  portion  of  the  tube  is  turned 
down  in  the  lathe  for  weight  economy. 

For  fastening  the  worm  to  its  shaft  the  best  plan  would 
seem  to  be  to  broach  it  out  and  mill,  say,  four  grooves  into 
the  outside  of  the  steering  shaft,  but  the  most  common  plan 
seems  to  be  to  use  a  single  key. 
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Steering  Qear  Cases — There  are  three  general  types  of 
steering  gear  cases.  These  cases  may  be  cast  in  a  single 
piece,  with  a  separate  end  plate,  as  shown  in  Fig.  249;  they 
may  be  split  in  the  plane  through  the  worm  axis  and  per- 
pendicular to  the  wheel  axis,  as  in  Fig.  250,  or  in  the  pl%ne 
of  the  wheel  axis  and  perpendicular  to  the  worm  axis,  as  in 
Fig.  251.  ^  The  tendency  in  American  practice,  especially  in 
the  low  priced  class,  seems  to  favor  the  first  construction. 
The  worm  can  be  introduced  either  from  the  top  or  bottom, 
and  the  wheel,  of  course,  is  introduced  from  the  side.  One 
of  the  thrust  bearings  rests  against  the  wall  of  the  case  and 


Fig.  250.— Worm  and  Wheel  Steering  Mechanism  With  Ver- 
tically Divided  Casing. 

the  other  against  a  threaded  bushing  screwing  into  the 
casing.  This  bushing  is  made  slightly  larger  in  diameter  than 
the  worm,  and  is  locked  in  position  by  a  clamp  screw  which 
contracts  the  neck  of  the  case.  The  casing,  as  well  as  the 
removable  end  plate,  is  cast  with  a  bearing  hub,  which  is 
properly  strengthened  by  ribs.  The  thrust  on  the  worm  wheel 
shaft  is  taken  up  on  thrust  washers. 

These  cases  are  generally  made  of  malleable  iron,  with  a 
wall  thickness  of  three-sixteenth  inch.    The  gears  and  bear- 
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ings  are  lubricated  by  means  of  grease  contained  in  the  case, 
and  a  plugged  hole  is  provided  in  the  case  for  replenishing 
the  grease  supply  therein  at  intervals.  However,  the  bearings 
should  preferably  be  provided  with  separate  grease  cups,  par- 
ticularly the  top  one. 

Housings  split  in  one  of  the  centre  planes  are  somewhat 
neater  in  appearance,  but  involve  more  machine  work.  The 
halves  must  be  doweled,  and,  of  course,  several  more  bolts 
are  required  for  the  joint  than  where  only  an  end  plate  has 
to  be  secured.    This  construction  also  facilitates  assembling, 

CDil  II  till  I 


Fig.  251.— Worm  and  Sector  Steering  Mechanism  With  Casing 
Divided  Through  the  Sector  Axis. 

as  the  steering  post  can  be  completely  assembled  before  the 
housing  is  put  in  place,  and,  besides,  the  latter  can  be  made 
somewhat  more  compact,  as  it  is  not  necessary  to  introduce 
the  worm  and  thrust  bearings  from  the  end. 

Fig.  251,  which  shows  the  housing  divided  in  a  plane  per- 
pendicular to  the  worm  shaft,  also  illustrates  the  use  of  a 
sector  instead  of  a  complete  wheel.  Where  a  sector  is  used  it 
is  customary  to  provide  set  screw  stops,  limiting  the  motion 
of  the  sector,  which  makes  steering  stops  on  the  front  axle 
unnecessary. 
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Screw  and  Nut  Type  Steering  Gears— The  screw  and  nut 
steering  gear  consists  of  a  multiple  square  threaded  screw 
and  a  corresponding  nut,  with  trunnions  on  its  outside, 
carrying  square  trunnion  blocks  located  in  slots  in  the  arms 
of  a  forked  lever,  which  is  keyed  or  otherwise  secured  to  the 
steering  arm  shaft,  or  made  integral  therewith.  The  size 
of  the  screw  depends  somewhat  on  whether  the  control  shafts 
are  to  be  concentric  with  the  steering  post  or  outside  of  it. 


Fig.  252.— Screw  and  Nut  Type  Steering  Gear. 

Let  us  call  the  distance  between  the  screw  and  steering  arm 
shaft  axes  a.  Then  if  the  steering  arm  is  to  swing  through  a 
maximum  range  of  60  degrees,  or  30  degrees  to  either  side 
of  its  central  position,  the  motion  b  of  the  nut  along  the 
screw  from  the  central  to  one  of  its  limiting  positions  must  be 
such  that 


—  =  tan  30 


=0.577 


Thus,  if  0  =  3  inches,  then 

b  =  3^  0.577  =  1,731  inches 
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and  the  total  motion  of  the  nut  along  the  screw  is  twice  this, 
or  3.462  inches.  If  the  screw  be  given  a  lead  of  2}^  inches 
then  the  steering  hand  wheel  will  have  to  be  turned  through 

3i^  =  1.385 /wni5 
2.5 
in  order  to  turn  the  front  wheels  through  their  entire  range. 
Now»  suppose  the  screw  has  an  outer  diameter  of  2  inches. 
Then  the  angle  of  the  thread  at  the  circumference  will  be 
such  that 

tan  8  = ^^ =  0.398 

2  X  3'Mi6 

e«2i*  42'. 

With  a  lead  of  2.5  inches  and  quadruple  thread  the  thickness 
of  the  tooth  will  be 

Al5_<:o5  2I°42' 
8 

—5-  X 0.929  =  0.29  inch. 

a 

The  depth  of  the  thread  is  usually  made  equal  to  the  width. 

Doable  Screw  Adjustable  Gears — It  has  been  attempted  to 
overcome  the  difficulty  encountered  in  cutting  the  thread  in 
the  nut  by  casting  a  babbitt  thread  in  a  steel  sleeve  provided 
with  holes  to  insure  a  good  hold  for  the  babbitt  Some  of  the 
gears  based  on  this  principle  have  proven  failures,  probably 
because  the  thread  contract  surfaces  were  too  scanty.  Of  course, 
even  a  slight  amount  of  wear  in  the  steering  mechanism  is  ob- 
jectionable, because  it  entails  a  very  considerable  play  in  the  hand 
wheel.  Various  schemes  have  been  tried  for  taking  up  wear  in 
steering  mechanisms,  but  most  of  them  are  either  too  expensive 
for  commercial  work  or  else  are  objectionable  for  other  reasons. 
A  very  neat  mechanical  solution  of  the  adjustment  problem 
is  embodied  in  the  double  screw  type  of  the  Gemmer  Mfg. 
Co.,  illustrated  in  Fig.  253.  Secured  to  the  steering  shaft  D 
is  a  steel  shell  C,  which  is  provided  with  a  left  hand  square 
screw  thread  on  its  outer  surface  and  a  right  hand  thread  on 
its  inner  surface,  the  pitch  of  both  threads  being  the  same. 
When  shaft  D  is  turned  right  handedly,  sliding  member  B  is 
moved  down  and  sliding  member  E  up.  These  two  sliding 
parts  press  against  opposite  ends  of  a  double  armed  lever  F 
secured  to  the  steering  arm  shaft  and  cause  the  latter  to  turn 
in  its  bearings,  the  power  being  transmitted  through  sliding 
member   B    when    shaft   D    is    turned    right    handedly,    and 
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through  sliding  member  E  when  shaft  D  is  turned  left  hand- 
edly.  Any  wear  on  the  threads  can  be  taken  up  by  screwing 
the  bushing  A  further  into  the  housing. 

Another  combination  often  used  in  steering  gears  is  a  screw 
and  nut,  together  with  a  rack  and  spur  wheel  sector,  the  rack 
teeth  being  cut  on  the  outside  of  the  nut. 


1     1 
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Fig.  253. — Double  Screw  Type  Steering  Gear. 

Bevel  Gear  Steering  Mechanism — Other  mechanisms  for 
reducing  the  steering  motion  include  a  bevel  pinion  and  sector, 
a  spur  pinion  and  sector,  a  spur  pinion  and  rack  and  a  planetary 
set.  All  of  these  gears  are  completely  reversible,  and  with  a 
car  fitted  with  any  of  them  it  is  impossible  for  the  driver  to 
take  his  hands  off  the  wheel  while  in  motion,  and  he  feels  the 
road  shocks  more  than  with  the  type  of  gear  previously  de- 
scribed. These  steering  mechanisms,  therefore,  are  suited  only 
to  cars  of  moderate  speed  capabilities  or  those  having  such  an 
arrangement  of  the  steering  pivots  that  practically  no  motion 
can  be  transmitted  from  the  wheel  to  the  steering  mechanism. 
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Owing  to  the  reversibility  of  these  gears  the  gear  reduction 
should  be  made  as  large  as  space  limitations  permit. 

Fig.  254  illustrates  the  Reo  steering  gear  which  is  of  this  type. 
The  thrust  of  the  bevel  gear  sector  is  taken  up  on  a  steel  roller, 
and  the  steering  motion  is  limited  in  a  very  simple  manner  by 
leaving  a  portion  at  each  end  of  the  sector  without  teeth.  Bevel 
gear  type  of  steering  mechanisms  have  less  need  for  housings 
than  the  worm  and  wheel  type,  but  some  designers  enclose  them 
also. 

Support  of  Steering  Gear— If  the  knuckle  arm  to  which 
the  drag  link  connects  is  below  the  front  axle  the  steering 


Fig.  254.— Reo  Bevel  Steering  Gear. 

arm  can  be  placed  inside  the  frame  member— a  construction 
found  on  a  considerable  number  of  European  cars.  Where 
the  knuckle  arm  is  above  the  axle  this  arrangement  is  im- 
possible, because  the  front  spring  would  interfere  with  the 
drag  rod. 

In  this  connection  it  is  to  be  remembered  that  with  the  drag 
link  outside  the  frame  it  limits  the  possible  steering  motion  to- 
ward the  side  on  which  the  steering  gear  is  located,  as  the  front 
wheel  will  rub  against  the  drag  link  before  touching  any  other 
part.  This  disadvantage  may  be  overcome  by  placing  the  drag 
link  crosswise  of  the  frame.  In  motor  trucks  having  the  motor 
located   underneath   the  driver's   seat   the   steering   mechanism 
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naturally  comes  in  the  right  position  for  a  transverse  drag  litik, 
and  in  touring  cars  it  can  be  brought  into  the  proper  position  by 
giving  the  steering  post  a  large  inclination.  In  any  case,  the 
aim  in  laying  out  the  steering  connection  should  be  to  minimize 
the  effect  of  front  spring  action  on  the  steering  gear.  With  a 
transverse  drag  link  the  link  should  be  substantially  horizontal 
when  the  car  carries  a  normal  load,  whereas  with  a  fore-and-aft 
drag  link,  with  the  car  under  normal  load,  the  axis  of  the  drag 
link  produced  should  pass  through  the  centre  of  the  front  spring 
eye— supposing  the  front  spring  to  be  pivoted  to  the  frame  in 
front  and  shackled  at  the  rear. 

In  touring  cars  the  steering  gear  housing  usually  comes  in 
a  rather  cramped  position  between  the  engine  and  the  frame. 
It  may  be  so  placed  that  the  worm  wheel  shaft  passes  either 
through  the  web  of  the  frame  channel,  above  the  channel 
or  below  the  channel.  In  most  cases  the  shaft  passes  right 
through  the  frame  member.  The  housing  is  generally  bolted 
to  the  frame  side  member,  being  provided  with  a  bracket 
which  fits  into  the  opening  of  the  channel.  Again,  the  hous- 
ing may  be  bolted  to  the  top  of  the  side  member,  to  an 
engine  arm  or  to  a  cross  member  of  the   frame.     A   rigid 

support  is  necessary ;  and,  besides, 
it  is  well  to  remember  that  holes 
through  the  flanges  of  a  frame 
channel  greatly  reduce  its  strength, 
whereas  holes  through  the  centre 
of  the  web  have  practically  no 
weakening  effect 

Steering  Arm — ^The  steering 
arm  in  a  touring  car  is  generally 
from  7  to  9  inches  long.  The 
knuckle  arm  in  most  designs  is 
made  as  long  as  the  location  of 
the  front  springs  permits,  and  the 
steering  arm  the  same  length  or 
slightly  longer.  In  a  worm  and 
complete  wheel  type  of  steering 
gear  the  steering  arm  is  always  fit- 
ted to  the  squared  end  of  the 
wheel  shaft,  so  as  to  permit  of 
turning  the  wheel  through  a  quar- 
ter circle.  The  hub  of  the  arm  is 
split  and  clamped  on  the  shaft,  the 


FjG.   255.— Steering   Arm. 


Digitized  by 


Google 


THE  STEERING  GEAR,  383 

clamping  bolt  passing  slightly  beneath  the  surface  of  the  shaft. 

When  a  worm  wheel  sector  is  used  and  the  housing  is 
divided  in  the  plane  through  the  sector  shaft  the  steering 
arm  and  shaft  may  be  forged  integral,  with  a  flange  sector 
on  the  shaft  to  which  the  worm  wheel  sector  is  bolted.  Oc- 
casionally, the  steering  arm  is  bent  so  that,  although  its  hub 
is  located  inside  the  frame,  its  connection  to  the  drag  link 
comes  outside  the  frame,  so  as  to  avoid  interference  with  the 
spring.  A  typical  design  of  steering  arm,  with  the  usual  pro- 
portions, is  illustrated  in  Fig.  255.  It  will  be  found  that  if 
this  arm  is  made  of  the  same  material  as  the  wheel  shaft  it 
is  of  substantially  the  same  strength  as  the  squared  portion 
of  the  shaft.  When  a  worm  wheel  sector  is  employed  instead 
of  a  complete  wheel  the  steering  arm  usually  is  secured  to  its 
shaft  with  a  tapered  joint — ^a  Woodruff  key  and  castellated 
nut  being  used. 

Drag  Link  and  Connectors— The  drag  link,  which  in  tour- 
ing cars  usually  extends  directly  fore-and-aft  and  in  motor 
trucks  and  cars  of  the  raceabout  type  crosswise  of  the  frame, 
is  usually  made  of  the  same  cross  section  as  the  tie  rod.  This 
practice  is  logical,  at  least  if  the  tie  rod  is  located  back  of  the 
axle  and  the  drag  link  is  of  about  the  same  length.  However,  if 
the  highest  weight  economy  is  desired  the  proper  size  of  this  tube 
can  be  calculated  by  means  of  Rankine's  formula  for  columns, 
proportioning  it  so  that  its  material  will  be  strained  to  the  elastic 
limit  when  the  rod  is  subjected  to  a  thrust  equal  to  the  quotient 
of  the  torsional  strength  of  the  steering  arm  shaft  by  the  length 
of  the  steering  arm.  In  the  better  grades  of  cars,  particularly 
those  provided  with  non-reversible  steering  gears,  it  is  customary 
to  introduce  cushion  springs  in  the  drag  link  joint  so  as  to  relieve 
the  shocks.  A  length  of  tube  of  enlarged  diameter  is 
screwed  over  the  end  of  the  tube  forming  the  main  part  of 
the  drag  link;  or  is  pinned  to  it.  As  shown  in  Fig.  256,  in- 
serted into  this  connector  housing  are  the  following'  parts, 
in  the  order  named:  A  coiled  spring,  a  spring  block  with  a 
spherical  depression,  the  ball  end  of  the  steering  arm,  an- 
other spring  block,  another  coiled  spring  and  a  screw  plug 
secured  by  a  cotter  pin.  In  this  design  the  ball  is  passed 
through  a  hole  far  enough  to  the  end  of  the  connector  hous- 
ing so  that  the  ball  can  never  get  opposite  it  after  all  the 
parts  are  in  place.  Sometimes  the  slot  in  the  housing  through 
which  the  steering  arm  passes  extends  entirely  to  the  end 
of  the  housing,  in  which  case  a  screw  cap  is  used  instead  of 
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Fig.  256. — Ball  and  Socket  Spring  Cushioned  CoNNEcroiL 

a  plug  to  close  the  end  of  the  housing.  The  spring  cush- 
ioned joint  is  generally  placed  at  the  steering  gear  end  of  the 
drag  link,  the  joint  at  the  opposite  end  being  made  similar, 
but  without  the  springs.  Both  joints  are  generally  enclosed 
in  a  laced  leather  boot  which  is  filled  with  grease. 

Fig.  257  illustrates  a  front  end  connector  of  English  design. 
It  is  of  the  ball  and  socket  type,  but  entirely  different  in  prin- 
ciple from  the  connector  shown  in  Fig.  256.  The  ball  is  held 
between  two  steel  blocks,  which  are  inserted  into  a  fitting  of  the 
general  form  of  a  chain  link.  The  blocks  are  held  between  one 
end  of  this  link  and  the  end  of  the  connector  rod,  which  latter 


Fig.  2S7.--DEAG  Link  Forward  Connector. 
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passes  through  a  hole  through  the  hub  at  the  opposite  end  of 
the  link.  The  chain  link  and  connector  rod  are  secured  together 
by  means  of  a  gland  nut  with  differential  threads,  the  thread  on 
the  hub  of  the  link  being  much  coarser  than  that  on  the  rod. 
Thus,  when  the  nut  is  screwed  over  the  threads  on  the  rod  and 
the  hub,  although  both  are  right-handed  threads,  the  link  will  be 
moved  relatively  to  the  rod,  and  thus  the  socket  blocks  will  be 
forced  against  the  ball.  When  the^  have  been  properly  adjusted 
the  nut  is  locked  by  means  of  a  split  pin. 

Universal  joints  are  necessary  at  both  ends  of  the  drag 
link,  because  the  steering  arm  moves  in  a  vertical  plane  and 
the  knuckle  arm  in  a  horizontal  plane,  but  instead  of  ball 


Fig.  258.— Forked  C6nnbct(»l 


and  socket  joints,  forked  joints  are  sometimes  used.  These 
are  somewhat  simpler  in  construction,  and  larger  bearing 
surfaces  can  be  obtained  than  with  ball  and  socket  joints, 
but  they  are  not  so  easily  enclosed  in  a  grease  filled,  laced 
leather  boot,  and  are  generally  lubricated  by  means  of  a 
special  grease  cup.  The  grease  cup  may  be  screwed  into  the 
cross  piece,  as  shown  in  Fig.  258,  or  into  the  end  of  the 
horizontal  pin. 

Steering  Wheel — Steering  hand  wheels  are  made  14  inches 
in  diameter  for  very  small  cars,  16  inches  for  medium  sized 
cars,  18  inches  for  large  touring  cars,  and  as  high  as  20  inches 
for  heavy  trucks.  The  rims  are  made  of  cither  hardwood  or 
hard  rubber.  The  section  is  generally  oval,  ixiH  inch  and 
iHxi^  inches  being  common  sizes.    The  spider  is  made  of  brass 


Digitized  by 


Google 


386 


THE  STEERING  GEAR. 


or  aluminum,  with  either  three  or  four  spokes— generally  four. 
In  commercial  vehicle  practice  malleable  iron  spiders  are  used. 
The  spokes  of  brass  and  malleable  iron  spiders  are  mostly  made 
of  oval  section,  but  the  spokes  of  aluminum  spiders  are  made  of 
channel  section  or  of  T-section  with  large  fillets  to  facilitate 
buffing.  For  a  i6  inch  wheel  with  brass  spider  the  spokes  are 
made  about  i^x^  inch  near  the  hub  and  tapering  down  to 
fix^  inch  near  the  rim.  In  an  aluminum  spider  for  the  same 
diameter  wheel,  the  spokes,  if  of  channel  of  T-section,  are 
made  about  Ji  inch  deep  near  the  hub  and  %  inch  near  the  rim. 


Fig.  259. — Steering  Wheel  With  Aluminum  Spider. 
AND  Bent  Wood  Rim. 

There  are  two  general  designs  of  wood  rims.  The  most 
commonly  used  type,  illustrated  in  Fig.  259,  is  secured  to  the 
arms  of  the  spider  by  means  of  wood  screws.  The  other  form, 
used  more  particularly  abroad  and  in  the  higher  grade  cars  in 
this  country,  has  a  ring  cast  integral  with  the  spider,  which  is 
let  into  a  groove  turned  in  a  part  of  the  wooden  rim  (see  Fig. 
260).  The  rims  are  made  in  different  ways.  In  one  construc- 
tion, illustrated  in  Fig.  259,  the  whole  rim  is  made  of  a  single 
piece  of  wood.     First  a  solid  piece  of  wood  of  square  section 
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and  the  requisite  length  is  sawed  out,  and  its  ends  are  cut  with 
wedge-shaped  teeth  about  yi  inch  wide  and  i  to  i^  inches  deep. 
It  is  then  turned  down  to  a  circular  or  oval  section,  steamed 
and  bent  to  a  circle  of  the  right  size  to  bring  the  pointed  tenons 
together,  when  they  are  glued  and  firmly  pressed  together  in  a 
special  clamp  in  which  the  rim  is  left  until  dry.  Specially  flexible 
woods  are  u^ed  for  this  construction,  as  most  woods  do  not  al- 
low of  bending  to  such  a  small  radius.  Instead  of  making  the 
entire  rim  in  one  piece,  it  may  be  made  in  halves,  with  joints  of 
the  type  above  described.    A  quarter  inch  dowel  pin  through  the 


Fig.  260. — Steering  Wheel  With  Laminated  Wood  Rim  and 
Oval  Arm  Spider  With  Integral  Rim. 

centre  of  the  joint  makes  it  more  secure.    Fig.  259  shows  two 
methods  of  securing  the  rim  to  the  spokes  of  the  spider. 

Another  method  of  making  the  rims  consists  in  building  them 
up  of  segments.  For  the  more  expensive  cars,  rims  of  mahogany, 
walnut  or  ebony  are  extensively  used.  As  a  rule,  three  layers  of 
segments  of  four  or  six  to  the  circle  are  used,  six  being  pre- 
ferable, as  there  is  not  so  much  end  grain  where  the  segments 
are  joined  together.  After  the  segments  are  sawed  out  they 
are  glued  up  three  deep  into  rings,  and  are  then  turned  up  in  a 
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lathe.  They  arc  secured  in  the  lathe  cither  by  being  glued  to  a 
wooden  face  plate  with  a  sheet  of  newspaper  between,  or  else 
by  means  of  a  number  of  screws.  Of  course,  if  the  spider  is 
cast  with  an  integral  ring,  the  final  turning  up  of  the  rim  has  to 
be  done  with  the  spider  in  place. 

Vulcanized  rubber  steering  wheel  rims  are  coming  into  ex- 
tensive use.  The  rubber  is  vulcanized  onto  a  ring  cast  in- 
tegral with  the  spider,  and  is  provided  on  the  inside  with  de- 
pressions to  fit  the  fingers,  and  on  the  outside  with  small 


Fig.  261. — Hard  Rubber  Rim  Wheel. 

evenly  spaced  projections,  so  as  to  enable  the  driver  to  ob- 
tain a  firm  grip  of  the  wheel.  A  typical  hard  rubber  steering 
wheel  is  illustrated  in  Fig.  261. 

In  pleasure  cars  the  steering  shaft  is  generally  enclosed  in  a 
brass  tube  of  tV  inch  wall  thickness.  Referring  to  Fig.  262,  this 
tube  is  set  into  a  recess  formed  in  the  adjusting  nut  at  the  top 
of  the  steering  gear  and  usually  forms  a  tight  fit  in  a  bracket  se- 
cured to  the  dashboard.  At  the  top  it  receives  a  bushing  to 
serve  as  a  bearing  for  the  steering  shaft,  or  it  may  extend  into  a 
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recess  turned  in  the  hub  of  the  steering  wheel,  in  which  case 
the  hub  holds  the  casing  concentric  with  the  shaft  and  no  bush 
ing  is  required.     In  some  designs  the  steering  shaft  case  ex- 
tends down  to  the  dash  bracket  only,  and  in  commercial  vehicles 
it  may  be  entirely  omitted. 

There  is  a  great  deal  of  variation  in  the  inclination  of  the 
steering  column,  depending  upon  the  relative  location  of  the 


Fig.  262. — Steering  Column. 

steering  mechanism  and  the  driver  s  seat.  In  standard  touring 
car  practice  it  is  usually  inclined  about  45  degrees,  and  in  the 
more  rakish  types  of  cars,  such  as  raceabouts,  about  60  de- 
grees. In  order  that  the  driver  may  be  able  to  easily  enter  his 
seat  the  steering  wheel  rim  should  not  come  closer  than  8  inches 
to  the  front  edge  of  the  scat  cushion. 

Adjustable    Steering    Column— Owing    to    the    fact    that 
drivers  vary  a  great  deal  in  stature,  some  manufacturers  con- 
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sider  it  expedient  to  make  the  rake  of  the  steering  column  ad- 
justable. This  practice  is  particularly  prevalent  in  England, 
where  bodies  are  built  to  purchasers'  specifications,  and  it  is 
possible  that  this  is  another  reason  for  providing  adjusting 
means,  as  the  relation  of  the  seat  to  the  column  determines  the 
comfort  of  the  driver  to  a  large  degree.  To  make  the  steering 
column  adjustable,  the  bearing  hubs  of  the  steering  gear  case 
are  mounted  in  trunnion  supports  on  the  frame  and  the  column 
passes  through  a  slot  in  the  dashboard  or  toeboard,  clamping 
means  being  provided  to  secure  it  in  different  positions. 
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Spark  and  Throttle  Control — The  conventional  location  of 
the  spark  and  throttle  control  levers  is  on  top  of  the  steering' 
column.  A  sector  of  hardened  steel  is  secured  by  screws  to  a 
double  armed  brass  bracket  which  is  fixed  to  a  stationary  tube 
concentric  with  the  steering  post  Usually  the  bracket  is  clamped 
to  the  tube,  though  some  makers  fasten  it  by  means  of  a  screw. 
The  spark  lever  is  usually  secured  to  the  central  rod  by  pinning, 
and  the  throttle  lever  to  the  tube  surrounding  this  rod  by  damp- 
ing. 

The  angular  extent  of  the  sector  may  be  anything  from  about 
75  degrees  to  a  complete  circle.  The  former  size  of  sector  is 
used  if  the  connections  from  the  lower  ends  of  the  spark  and 
throttle  shafts  are  to  be  made  direct  by  levers  and  links.  This 
is  the  simplest  construction,  but  it  is  obvious  that  a  much  finer 
control  is  possible  if  the  range  of  the  finger  levers  is  greater, 
and  for  this  reason  a  reducing  gear  of  some  kind  is  usually  in- 
troduced in  the  control  mechanism  at  the  bottom  of  the  steering 
column.  In  American  touring  car  practice  it  is  customary  to 
use  a  sector  of  i8o  degrees  or  slightly  less,  whereas  in  European 
practice  90  degree  sectors  arc  very  common.  The  180  degree 
sectors  are  so  placed  that  the  ends  of  the  sector  lie  in  the  fore 
and  aft  direction,  the  sector  extending  to  the  right  from  the 
steering  post 

Some  means  must  be  provided  for  automatically  holding  the 
control  levers  in  any  position  in  which  they  are  placed.  The 
most  common  arrangement  consists  in  providing  the  steel  sector 
with  ratchet  teeth  on  both  edges,  and  the  finger  levers  with  a 
spring  pressed  pawl  which  engages  with  the  teeth  on  the  sector. 
The  ratchet  teeth  are  cut  with  an  angle  of  about  90  degrees,  so 
that  if  a  tangential  force  is  applied  to  the  lever  arm  the  pawl  will 
slide  freely  over  the  notched  sector.  A  typical  design  of  control 
levers  is  shown  in  Fig.  263. 

891 
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In  another  design  of  control  levers  an  arm  of  spring  metal  is 
riveted  to  a  brass  hub  and  provided  with  a  hard  wood  or  hard 
rubber  knob  on  the  outer  end.  In  this  case  the  flat  side  of  the 
steel  is  placed  vertically,  and  the  under  and  upper  edges  are 
notched,  wedges  secured  to  the  levers  by  means  of  rivets  engag- 
ing with  these  notches.  Probably  a  somewhat  neater  design 
would  be  obtained  by  saw  slotting  the  lugs  on  the  lever  centres, 
placing  the  spring  steel  arms  in  the  saw  slot,  and  countersinking 


Fig.  263.— Ratchet  Control. 

the  holes  for  the  rivet  heads.  In  the  design  shown  in  Fig.  264 
the  throttle  lever  must  be  pressed  down  and  the  ignition  lever 
raised  up  in  order  to  move  them  easily.  By  using  two  sectors  it 
is  possible  to  arrange  the  levers  so  that  both  of  them  can  be 
released  by  pressing  on  them,  which  method  of  operation  may  be 
considered  preferable,  for  the  reason  that  the  weight  of  the  hand 
naturally  rests  on  the  levers.  The  ratchet  teeth  should  not  be 
over  A  inch  deep,  so  the  lever  can  be  moved  with  as  little 
noise  as  possible. 
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Fig.  265  illustrates  a  design  of  friction  levers.  On  top  of  the 
stationary  tube  in  the  steering  column  is  mounted  a  cylindrical 
brass  box,  with  a  horizontal  slot  on  one  side  through  which  the 
control  levers  extend  An  extension  of  each  lever  arm  to  the 
opposite  side  of  its  axis  carries  a  friction  segment  which  is 
pressed  against  the  inner  wall  of  the  cylindrical  housing  by  a 
coiled  spring.  The  pressure  of  this  spring  can  be  adjusted  by 
means  of  a  nut  and  lock  nut. 
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Fig.  264.— Spring  Lehb  Cdntbol. 

Ball  Wedge  Locking  Device— Fig.  266  illustrates  a  mechan- 
ism widely  used  on  European  cars  for  securely  holding  control 
levers  in  any  position  in  which  they  may  be  set.  The  mechanism 
consists  of  a  stationary  housing  A,  which  is  usually  part  of  the 
bracket  by  which  it  is  supported.  E  is  the  control  lever  and  B 
the  operated  lever.  Formed  integral  with  lever  E  are  two  lugs 
FF,  extending  between  the  wall  of  the  housing  A  and  a  cam  C 
on  the  shaft  of  lever  B,  In  the  recess  between  the  two  lugs  F  F 
are  located  two  steel  balls  with  a  coiled  spring  between  them. 
The  cam  surface  and  the  inner  wall  surface  of  the  housing  are 
eccentric,  and  are  so  spaced  relative  to  each  other  that  the  steel 
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ba)U  do  not  quite  contact  with  the  lugs  FF  when  no  pressure 
is  being  exerted  on  the  lever  E,  The  wedging  effect  of  the  balls 
between  the  two  non-concentric  surfaces  securely  locks  the  lever 
B  in  place.  It  will,  moreover,  be  seen  that  lever  B  is  locked 
against  .motion .  in  either  direction,  each  ball  locking  it  against 
motion  in  one  direction.  I^  lever  E  is  turned  in  a  particular 
direction,  one  of  the  lugs  F  F  presses  against  the  ball  near  it. 
slightly  compressing  the  spring,  and  the  other  lug  then  abuts 
against  the  arm  of  lever  B,  so  that  any  further  motion  of  lever 
E  entails  a  corresponding  motion  of  lever  B,  One  of  the  pre- 
cautions to  be  observed  in  the  design  of  the  device  is  to  see  that 


Fig.   265.-^Friction   G)ntrol. 

the  clearance  between  the  balls  and  the  higs  F  F,  when  lever  E 
is  not  under  pressure,  is  slightly  less  than  the  clearance  between 
these  lugs  and  the  arm  of  lever  B.  The  inner  wall  of  the  hous- 
ing and  the  cam  surface  are  grooved  to  fit  the  contour  of  the 
balls,  so  as  to  distribute  the  pressure  over  a  larger  surface  and 
prevent  injury  to  the  balls.  The  condition  necessary  that  the 
lever  may  be  locked  securely  is  that  when  the  ball  is  in  the  locking 
position  the  tangents  at  its  two  points  of  contact  make  with  each 
other  an  angle  which  is  less  than  twice  the  angle  of  friction. 

When  applied  to  a  control  gear  on  top  of  the  steering  column, 
IcVer  B'  in  Fig.  266  is  replaced  by  a  small  lug  on  cam  C,  with* 
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which  the  lugs  FF  may  engage,  and  cam  C  is  fastened  to  the 
central  shaft  by  which  the  motion  is  transmitted.  This  locking 
device  is  used  even  for  such  important  parts  as  the  emergency 
brake  lever,  but  where  the  effort  to  be  transmitted  is  consider- 
able two  or  three  pairs  of  balls  are  used  and  a  cam  with  three 
cam  surfaces. 

Owing  to  the  fact  that  the  control  levers  have  a  motion  of 
about  150  degrees,  whereas  a  lever  arm  transmitting  motion 
through  a  link  does  not  work  advantageously  beyond  a  range 
of  about  90  degrees,  the  motion  of  the  control  shafts  has  to  be 
reduced  in  some  way,  and  this  is  now  generally  accomplished 
by  means  of  a  pair  of  small  bevel  gears  or  bevel  gear  sectors 
at  the  bottom  of  the  steering  column.     As  shown  in  Fig.  267, 


Fig.  266.— Ball  Wedge  Control  Lock. 
the  bevel  gears  or  sectors  are  secured  to  the  lower  ends  of 
concentric  vertical  shafts  carried  in  a  bearing  which  is  gener- 
ally clamped  to  a  bracket  cast  integral  with  the  steering  gear 
housing.  Sometimes  the  bearing  bracket  is  formed  integral 
with  the  bottom  plate  of  the  steering  gear  housing  to  which  the 
stationary  tube  carrying  the  finger  lever  sector  is  fixed.  Where 
there  are  several  concentric  shafts,  as  in  this  case,  if  they  are  to 
be  prevented  from  rattling,  it  is  necessary  that  a  bearing  bushing 
be  provided  for  each  shaft,  rather  than  to  rely  upon  the  fit  of 
one  shaft  in  the  other. 

Instead  of  a  bevel  pinion  and  sector,  a  pair  of  screws  and 
nuts  may  be  used  for  transmitting  the  control  motion  at  the 
bottom  of  the  steering  gear  housing.     The  more  elaborate  de- 
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signs  provide  a  screw,  nut  and  trunnion  mechanism  of  the  same 
type  as  used  for  steering  cars,  the  whole  mechanism  being 
inclosed.  In  the  simpler  designs  the  nut  and  its  trunnions  are 
dispensed  with,  a  pin  projecting  laterally  from  a  lever  arm  ex- 
tending into  a  spiral  slot  cut  in  a  cylinder  secured  to  the  con- 
trol shaft 

Bowden  Wire  Mechanism — ^The  Bowden  wire  mechanism, 
which  is  used  to  some  extent  for  the  control  of  the  throttle  and 
the  timer,  more  particularly  in  England,  consists  mainly  of  two 


Fig.  267. — Control  Reducing  Gear. 


parts,  a  closely  coiled  and  practically  incompressible  spiral  wire, 
constituting  what  is  termed  the  outer  member,  and  a  practically 
inextcnsible  wire  cable  threaded  through  the  above,  and  known 
as  the  inner  member.  The  principle  of  the  mechanism  is  illus- 
trated in  Fig.  268.  A  is  the  actuating  lever;  B,  the  operated 
lever;  C,  the  inner  member;  D,  the  outer  member;  E,  an  adjust- 
able stop ;  F,  a  lock  nut,  and  G,  the  abutments  or  brackets.  It  is 
obvious  that  since  the  outer  member  is  incompressible  and  the 
inner  member  inextensible,  if  the  lever  A  is  moved  around  it^ 
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fulcrum,  the  end  of  lever  B  will  be  moved  with  relation  to  the 
abutment  G. 

Control  Levers  on  Steering:  Post — Fig.  269  illustrates  a 
construction  in  which  the  control  levers  j^re  mounted  on  the 
steering  post  underneath  the  steering  wheel.  This  design  is  used 
more  particularly  on  commercial  cars  and  the  lower  priced  pleasure 
vehicles,  being  probably  the  simplest  possible  arrangement  of  the 
control  The  shafts  for  the  spark  and  throttle  are  arranged  con- 
centrically and  are  supported  in  bearings  secured  to  the  steering 
column.    A  sector  is  also  cast  integral  with  the  top  supporting 


Fig.  268.— Bowden  Wire  Mechanism. 

bearing,  and  the  control  levers  are  pressed  into  contact  with  the 
sector  by  means  of  a  coiled  spring  surrounding  the  power  part 
of  the  central  control  shaft,  the  spring  pressing  the  tubular 
shaft  upward  and  the  solid  shaft  downward.  Lever  arms  are 
secured  to  the  lower  ends  of  these  shafts,  and  connection  to  the 
throttle  and  timer  is  made  by  links  direct.  The  sector  on  wliicli 
the  levers  move  extends  over  an  angle  of  about  90  degrees,  and 
is  usually  placed  in  front  of  the  steering  column,  as  this  location 
is  most  convenient  for  making  connections  from  the  lower  ends 
of  the  shafts. 
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Fig.  269. — Control  Levers  on  Steering  Tost. 


Fig.  270. — Control  Joinrs. 
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Control  Joints — ^In  the  connecting  linkage,  if  two  lever  arms 
to  be  connected  swing  in  the  same  plane  a  forked  connector  is 
employed,  and  a  standard  for  snch  connector  yokes  and  eyes  has 
been  worked  out  by  the  Society  of  Automobile  Engineers.  If 
the  two  arms  do  not  swing  in  the  same  plane,  as  is  often  the 
case,  a  ball  and  socket  type  of  joint  is  used.  The  links  of  the 
control  mechanism  are  generally  made  of  cold  rolled  steel,  seven- 
thirty-seconds  or  one-quarter  inch  in  diameter,  and  one  part  of 
the  joint  is  screwed  over  the  end  of  the  rod.  In  cars  sold  at 
a  very  low  price  the  end  of  the  rod  is  sometimes  bent  at  right 
angles  and  passed  through  a  hole  of  slightly  greater  diameter 
in  the  end  of  the  arm,  a  split  pin  being  passed  through  the  end 
of  the  rod.  This  type  of  joint  rattles  more  or  less,  and  is  not 
very  satisfactory.  Fig.  270  shows  three  types  of  ball  and  socket 
joints  for  carburetor  and  spark  connections.  The  one  shown  at 
A  consists  of  a  brass  socket  and  a  steel  ball,  the  brass  socket 
being  bored  out  and  having  the  edges  spun  in  after  the  ball  is 
in  place.  A  well  designed  type  of  joint  is  shown  at  B.  This 
resembles  a  steering  difig  link  joint,  except  that  only  one  spring 
is  used  whose  object  is  to  firmly  press  the  socket  blocks  against 
the  ball.  No  play  can  develop  in  a  joint  of  this  type,  and  there- 
fore it  remains  free  from  rattle.  The  joint  shown  at  C  is  similar 
except  that  the  spring  is  missing,  and  D  shows  the  simple  joint 
above  referred  to. 

In  cars  which  have  two  independent  ignition  systems  it  is 
necessary  to  make  connection  from  the  spark  control  to  the  two 
timers,  and  this  is  often  accomplished  by  securing  a  bell  crank  to 
the  top  of  the  short  vertical  shaft  shown  in  Fig.  267.  On  the  other 
hand,  many  cars  have  been  built  in  recent  years,  particularly 
abroad,  without  manual  spark  advance,  and  in  that  case  only  a 
single  control  lever  has  to  be  accommodated  on  the  steering  post. 

Usually  at  least  one  of  the  devices  that  must  be  connected  to 
the  control  levers  is  located  on  the  opposite  side  of  the  chassis 
from  the  steering  column,  and  the  connection  to  it  must  then 
pass  either  around  or  through  the  engine.  A  short  shaft  may 
then  be  carried  in  bearing  brackets  secured  to  the  forward  side 
of  the  dashboard,  or  to  uprights  rising  from  the  sub-frame,  but 
some  manufacturers  pass  a  shaft  transversely  through  the  engine 
base  underneath  one  of  the  crankshaft  bearings,  thus  eliminating 
unnecessary  linkage.  Great  care  is  latterly  exercised  by  de- 
signers to  make  the  control  linkage  as  simple  and  unobstrusive 
as  possible.  Thus,  in  the  Fiat  car  the  connecting  link  to  the  timer 
is  run  inside  the  sub-frame  channel. 
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Accelerator  Pedals — ^Most  modern  cars  are  fitted  with  both 
hand  and  foot  control  of  the  throttle.  The  throttle  foot  control 
device,  general  referred  to  as  the  accelerator,  assumes  different 
forms,  and  three  designs  are  illustrated  in  Figs.  271  and  272. 


Fig.  271. — Accelerator  Pedals. 

The  one  shown  at  A,  Fig.  271,  is  a  pedal  of  the  piano  t3rpe, 
being  pivoted  to  a  bracket  secured  to  the  dashboard.  At  B,  Fig. 
271,  is  shown  an  accelerator  which  has  a  motion  around  a  vertical 
axis,  and  is  operated  by  a  sideward  motion  of  the  forward  part 
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of  the  foot,  with  the  heel  resting  on 
the  footboard.  The  bearing  bracket 
for  this  lever  is  also  secured  to 
the  dashboard,  but  in  a  much  lower 
position  than  that  for  design  A,  In 
the  design  shown  in  Fig.  272  a 
foot  button  is  used,  together  with 
a  bell  crank  carried  by  a  bracket 
secured  to  the  under  side  of  the 
toe  board.  All  three  designs  have 
their  adherents,  and  all  give  satis- 
factory results. 

Throttle  Linkage— The  method 
of  connecting  up  the  throttle  with 
the  hand  and  foot  controls  is  illus- 
trated in  diagram  in  Fig.  273.  In 
this  figure  A  represents  the  lever  at  ^hc  bottom  of  the  steer- 
ing column.  Through  the  boss  at  the  outer  end  of  this  lever 
passes  a  rod  which  joins  to  the  throttle  arm.  It  will  be  noticed 
that  arm  A  contacts  with  a  collar  on  the  control  rod  on  one 
side  and  with  a  coiled  spring  on  the  rod  on  the  opposite  side. 
The  accelerator  pedal  B  connects  with  the  throttle  lever  through 
a  control  rod  with  an  oblong  hole  at  one  end  through  which 
passes  a  pin  extending  laterally  from  the  arm  of  the  pedal. 
The  accelerator  pedal  is  normally  held  in  the  off  position  by  a 
coiled  spring  anchored  to  a  stationary  part  of  the  car. 

The  hand  control  mechanism  is  so  arranged  that  by  moving 
the  throttle  lever  on  top  of  the  steering  column  through  its  entire 
range  the  throttle  valve  is  only  about  half  opened,   and   the 


Fig.  272. — ^Accelerator 
Foot  Button. 
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Fig.  273.— Diagram  of  Throttle  Control  Linkage. 
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throttle  can  only  be  fully  opened  by  depressing  the  accelerator 
pedal  B,  Operating  the  hand  lever  does  not  affect  the  position 
of  pedal  B,  because  the  control  rod  connecting  the  pedal  to  the 
throttle  arm  has  a  sliding  connection  with  the  pedal.  If  the 
throttle  is  fully  opened  by  means  of  the  accelerator  pedal  and 
the  driver  then  removes  his  foot  from  the  latter,  the  throttle 
will  return  to  the  position  for  which  the  hand  lever  is  set.  The 
spring  around  the  control  rod  which  connects  arm  A  to  the 
throttle  arm  permits  of  fully  opening  the  throttle  by  means  of 
the  accelerator  pedal,  even  though  the  hand  throttle  lever  may 
be  set  in  the  position  corresponding  to  closed  throttle. 
Various  modifications  of  the  above  described  mechanism  are 


E 


S 


Fig.   274,— Diagram    of   Governor   Throttle   Control. 

possible  without  changing  the  principle  thereof.  Thus,  for  in- 
stance, instead  of  each  control  rod  having  a  separate  joint  with 
the  throttle  arm,  the  two  control  rods  may  be  connected  together, 
and  the  loop  joint  and  cushion  spring,  instead  of  being  located 
at  the  operating  end  of  the  control  rod,  may  be  placed  at  the 
other  end. 

Motor  trucks  generally  have  their  motors  fitted  with  gov- 
ernors and  require  a  special  control  mechanism.  Fig.  274  illus- 
trates the  principle  of  the  arrangement  usually  employed.  Two 
separate  throttle  valves  are  used,  arranged  in  the  intake  pas- 
sage one  above  the  other.  One  of  these  throttle  valves  is  con- 
nected with  the  governor,  as  shown,  while  the  other  may  be  con- 
nected to  hand  and  foot  controls,  as  illustrated  in  Fig.  273,  or 


Digitized  by 


Google 


CONTROL. 


403 


simply  to  a  hand  control.  The  throttle  controlled  by  the  gov- 
ernor will  remain  fully  open  until  the  motor  attains  the  speed 
for  which  the  governor  is  set,  when  it  will  begin  to  close,  and  if 
this  speed  is  exceeded  by  an  appreciable  amount  it  will  fully  close, 
the  tendency,  of  course,  being  to  always  hold  the  governor 
throttle  in  such  a  position  that  the  motor  will  maintain  the  speed 
for  which  the  governor  is  adjusted. 

Clutch  and  Brake  Pedals — ^What  may  be  called  the  conven- 
tional arrangement  of  the  control  for  cars  fitted  with  sliding  gear 
transmissions,  comprises  two  pedals  located  on  opposite  sides  of 
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Fjg.  275. — Types  of  Control  Ped.\ls. 

the  steering  post,  the  one  on  the  left  being  the  clutch  pedal  and 
the  one  on  the  right  the  brake  pedal.  The  accelerator,  if  one  is 
provided,  is  placed  either  between  or  to  the  right  of  these  pedals 
for  operation  with  the  right  foot. 

Where  a  unit  power  plant  is  used  the  pedals  are  sometimes 
carried  on  the  clutch  housing,  but  the  more  common  plan  is  to 
provide  a  tubular  shaft  extending  partly  or  entirely  across  the 
frame,  which  is  carried  in  bearing  brackets  secured  to  the  frame. 
One  pedal  is  secured  to  this  shaft,  and  the  other  is  free  upon  it 
or  is  secured  to  a  hollow  shaft  telescoping  over  the  other  one. 

There  are  two  general  types  of  control  pedals,  the  straight 
and  the  bent  type,  as  illustrated  in  Fig.  275.     The  pedals,  of 
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course,  have  to  pass  through  the  toe  board,  and  if  they  are 
straight  they  require  a  long  slot  in  this  board,  whereas  if  the>- 
are  bent,  like  the  one  shown  at  A,  they  require  only  a  compara- 
tively small  hole  to  pass  through.  The  straight  pedal  is  lighter, 
but  the  bent  pedal  is  now  usually  used  because  there  is  an  ad- 
vantage in  having  the  driver^s  compartment  closed  off  from  the 
engine  compartment  as  far  as  possible,  so  that  a  minimum  of  heat 
and  noxious  gases  from  the  engine  will  reach  the  occupants. 

Pedals  vary  in  effective  length  from  12  to  16  inches.  They  are 
generally  drop  forged,  and  the  section  is  made  either  I  or  T 
shaped,  oval  or  rectangular,  the  I  and  oval  sections  predominating. 


I'lG.  276. — Adjustable  Pedals. 

A  14  inch  pedal  usually  has  a  section  modulus  near  the  hub  of 
o.io  to  0.12,  while  near  the  pad  the  section  modulus  may  be  re- 
duced to  one-fourth  this  value.  Usually  the  dimensions  of  the 
section  in  the  plane  of  greatest  stress  is  made  equal  to  about 
twice  its  other  dimensions,  but  if  the  pedal  is  much  off-set  side- 
ways, as  is  sometimes  the  case,  it  must  be  made  stronger  later- 
ally. The  standard  inclination  of  the  toe  board  in  American 
touring  car  practice  is  30  degrees,  and  this  approximately  deter- 
mines the  location  of  the  big  end  of  the  bent  pedal  in  the  position 
of  rest.  The  lighter  end  of  the  pedal  should  approximate  an  arc 
.  of  a  circle  with  the  pivot  axis  as  a  centre,  but  usually  it  is  turned 
so  the  .pad  comes  somewhat  higher. 
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The  pedals  are  secured  to  the  hollow  shafts  in  different  ways. 
The  most  secure  method  undoubtedly  consists  in  keying  and 
clamping  to  the  shafts,  but  this  is  rarely  done  in  American  prac- 
tice. Keying  alone  is  satisfactory,  and  in  many  cases  the  pedals 
are  brazed  to  the  shaft  or  secured  by  taper  pins.  The  brake  pedal 
is  often  free  on  its  shaft,  being  provided  with  a  lug  on  the  rear 
side  to  which  the  brake  rod  connects. 

Adjustable  Pedals— Considerable  attention  has  been  paid 
in  late  years  to  the  problem  of  comfort  for  the  driver,  and  this 
has  led  to  the  introduction  of  adjustable  pedals.    It  is  evident 


Fig.  277. — Pedals  Adjustable  at  Their  Hubs. 

that  a  pedal  suitably  located  for  a  tall  person  is  quite  incon- 
venient for  a  person  of  short  stature,  and  vice  versa.  These 
adjustablepedalsareusually  bentat  a  right  angle.  Fig.  276  shows 
four  different  designs.  In  design  A  the  pad  is  secured  to  a 
round  rod  fitting  in  a  hole  through  the  upwardly  turned  part  cfi 
the  pedal  proper.  The  rod  is  drilled  with  a  number  ef  transverse 
holes,  and  may  be  secured  in  any  one  of  several  positions  by 
means  of.  a  through  bolt.  In  design  B  the  shank  of  the  pad 
is  threaded  and  is  clamped  in  the  hub  of  the  pedal  by  means  of 
two  nuts.  In  design  C  the  pedal  itself  is  made  of  I  section,  and 
the  pad  is  made  with  double  shanks  fitting  into  the  hollows  in  the 


Digitized  by 


Google 


40(i 


CONTROL. 


sides  of  the  I,  the  two  parts  being  clamped  together  by  two 
through  bolts,  which  may  be  passed  through  different  holes  in 
the  pedal.  This  is  one  of  the  neatest  designs  of  adjustable  pedals, 
since  the  small  end  of  the  pedal  may  have  the  usual  curvature  and 
the  section  where  the  parts  are  joined  is  rectangular.  In  design 
D  the  shank  of  the  pad  is  threaded  and  screwed  into  the  drilled 
and  threaded  portion  of  the  pedal,  which  latter  is  slotted  and 
clamped  tight  on  the  shank. 

Control  pedals  may  also  be  adjusted  at  their  base,  and  two 
methods  of  accomplishing  this  are  illustrated  in  Fig.  277.  In 
either  case  there  are  a  free  and  a  tight  hub.    In  design  A  the 


Fin.  278.— Pedal  Pads. 

tight  hub  has  two  lugs  with  coaxial  set  screws,  between  the 
points  of  which  is  located  a  lug  projecting  laterally  from  the 
pedal.  In  design  B  the  tight  hub  is  provided  with  a  slotted  sec- 
tor, cut  with  radial  grooves  on  one  side,  to  which  the  pedal  can 
be  clamped  in  different  positions. 

Pedal  Pads — Pads  are  either  secured  rigidly  to  the  pedal  or 
hinged  thereto.  In  the  former  case  they  are  usually  made  con- 
vex toward  the  rear,  so  that  as  the  pedal  turns  around  its  ful- 
crum a  section  of  the  pad  always  fits  squarely  against  the  sole 
of  the  driver's  shoe.  On  the  other  hand,  if  the  pad  is  hinged  to 
the  pedal  it  is  made  either  plane  or  slightly  concave,  and  in  the 
higher  grades  of  cars  a  spring  is  provided  to  hold  the  pad  in 
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position  when  the  foot  is  removed,  so  as  to  prevent  rattling. 
Generally,  however,  the  swiveled  pad  is  allowed  to  hang  in  posi- 
tion under  its  own  weight.  Various  means  are  resorted  to  in 
order  to  prevent  slipping  of  the  foot  on  the  pad,  the  most  com- 
mon being  the  formation  of  diamond  shaped  points  by  forming 
V-shaped  grooves  on  the  surface  of  the  pad  diagonlly  in  two 
directions,  these  grooves  being  either  formed  in  a  drop  press  or 
cast  on.  (See  A,  Fig.  278.)  Another  method  consists  in  provid- 
ing the  pad  with  either  one  or  two  ears,  and  several  models  in 
the  higher  priced  class  are  provided  with  rubber  covered  pads. 
(B,  Fig.  278.)  These  rubber  coverings  are  used  together  with 
ears  on  the  sides  of  the  pad,  and  are  evidently  intended  to  pre- 
vent slipping  of  the  foot  in  the  direction  of  motion  only. 

There  is  absolutely  no  uniformity  with  regard  to  the  form  and 
dimensions  of  the  pads.  They  are  made  square,  rectangular,  oval 
and  round.  If  ears  are  provided  on  both  sides  the  pad  should  be 
at  least  3^  inches  wide,  but  if  no  ears  are  used  it  is  sometimes 
only  2j^  inches  wide.  Some  pads  are  larger  in  the  fore  and  aft, 
others  in  the  transverse  direction. 

Most  clutches  are  disengaged  l^  drawing  them  to  the  rear, 
and  in  the  case  of  such  clutches  the  pedal  shaft  is  located  on  top 
of  the  clutch  shaft.  However,  some  forms  of  clutches,  like  the 
inverted  cone  clutch,  are  disengaged  by  a  forward  motion,  and 
in  this  case  it  is  more  convenient  to  have  the  pedal  shaft  run 
underneath  the  clutch  shaft.  The  latter  arrangement  has  a 
further  advantage  in  that  if  the  service  brakes  act  on  the  rear 
wheels  the  brake  arm  on  the  pedal  shaft  has  to  extend  upward 
and  comes  in  a  more  convenient  position  if  the  shaft  is  located 
lower.  It  is  generally  endeavored  to  place  the  clutch  collar  and 
pedal  shaft  in  such  relative  positions  that  the  shipper  arms  on 
the  pedal  shaft  may  connect  directly  to  the  clutch  collar,  but  if 
this  is  not  possible  a  pair  of  links  may  be  interposed  between 
the  shipper  arms  and  the  clutch  collar.  The  leverage  of  the 
clutch  pedal  is  made  between  4  and  6,  depending  upon  the  clutch 
spring  pressure  and  structural  considerations. 

Interconnection  of  Clutch  and  Brakes — Formerly  it  was 
customary  to  interconnect  both  brakes  with  the  clutch,  so  that 
if  either  brake  were  applied  the  clutch  would  iirst  be  disengaged. 
The  idea  which  first  led  to  this  construction  was,  undoubtedly, 
that  if  the  driver  wants  to  stop  quickly  he  should  simultaneously 
disconnect  the  engine  and  apply  the  brake,  so  the  driving  effort 
of  the  engine  ceases  and  no  braking  effort  need  be  expended  in 
dissipating  the  energy  stored  in  the  flywheel.     The  intercon- 
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nection  is  usually  accomplished,  in  the  case  of  the  foot  brake, 
as  illustrated  in  Fig.  279,  a  projection  on  the  hub  of  the  brake 
pedal  engaging  with  a  projection  on  the  clutch  pedal  whenever 
the  brake  pedal  is  moved  to  apply  the  brake.  In  the  case  of  the 
hand  brake  the  connection  is  made  by  means  of  a  link  connect- 
ing arms  on  the  clutch  pedal  shaft  and  the  brake  lever  shaft,  re- 
spectively, with  a  sliding  joint  at  one  end  so  that  the  clutch 
can  be  disengaged  without  applying  the  brake.  One  disadvantage 
of  interconnection  is  that  with  this  scheme  it  is  not  possible  to 
use  the  engine  as  a  brake  and  use  the  mechanical  brakes  at  the 
same  time.    For  this  reason  the  interconnection  was  first  limited 


Fig.  279. — Service  Brake  Interconnected  With  Clutch. 

to  one  brake  and  is  now  generally  dispensed  with  altogether. 
As  a  matter  of  fact,  with  the  clutch  and  brake  pedals  in  the 
usual  position,  it  becomes  second  nature  for  the  driver  to  press 
on  both  of  them  simultaneously  if  he  wants  to  make  a  quick 
stop.  Of  the  pleasure  cars  shown  at  the  191 2  New  York  shows 
the  service  brakes  were  interconnected  with  the  clutch  in  8  per 
cent,  and  the  emergency  brakes  in  11  per  cent 

Single  Pedal  Control — In  several  makes  of  cars  the  dutch 
and  service  brakes  are  operated  by  a  single  pedal.  The  first  mo- 
tion of  the  pedal  releases  the  clutch  and  a  continued  motion 
applies  the  brake.  This  necssitates  a  special  operating  mechan- 
ism for  the  clutch.     One  arrangement,  involving  the  use  of  a 
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Fia  280. — Single  Pedal  Control,  Toggle  Type. 


Fig.  281.— Single  Pedal  Control,  Cam  Type. 
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toggle  mechanism,  is  illustrated  in  Fig.  280,  and  another  in- 
volving the  use  of  a  cam  mechanism  is  shown  in  Fig.  281.  In 
the  former  case  the  clutch  collar  is  moved  relatively  rapidly 
during  the  first  motion  of  the  pedal  and  more  slowly  as  the 
motion  of  the  pedal  proceeds.  With  a  cam  mechanism  the  mo- 
tion of  the  clutch  collar  stops  entirely  after  the  clutch  is  fully 
disengaged,  that  portion  of  the  cam  coming  last  under  the  cam 
follower  heing  concentric.  In  order  to  prevent  an  unduly  large 
release  motion  of  the  clutch  bands  it  is  well  to  provide  a  sliding 
joint  at  the  forward  end  of  the  brake  rod  (Fig.  280).  This 
combination  of  clutch  and  brake  control  in  a  single  pedal  works 
very  satisfactorily,  but,  of  course,  the  pedal  must  have  a  some- 
what greater  range  of  motion  than  when  it  operates  either  the 
clutch  or  brake  alone. 

Pedal  Shaft  Assembly — In  some  designs  of  cars  employing 
a  housing  for  the  clutch,  the  clutch  pedal  is  supported  by  this 
housing  and  the  brake  pedal  by  a  bracket  secured  to  the  frame 
side  member.  In  cars  with  a  sub-frame  the  pedal  shaft  bearings 
can  be  secured  to  this  frame,  whose  top  surface  is  usually  i  to  i^ 
inches  above  the  clutch  axis.  Some  designers  secure  these  bear- 
ing brackets  to  the  front  side  of  a  frame  cross  member  and 
others  to  the  inside  of  the  frame  side  channels. 

Right,  Left  and  Centre  Control — ^Formerly  the  steering 
column  was  nearly  always  placed  on  the  right  side  of  the  car,  and 
the  hand  levers  for  operating  the  change  gear  and  emergency 
brakes  were  located  just  outside  the  driver's  seat  on  the  right 
Lately,  however,  more  and  more  cars  have  the  steering  post  on 
the  left  hand  side  and  the  hand  levers  either  on  the  left  hand 
side  or  in  the  centre.  Of  the  pleasure  cars  exhibited  at  the 
1912  New  York  shows,  75  per  cent  had  their  control  levers  on 
the  right,  15  per  cent  in  the  centre  and  10  per  cent  on  the  left, 
and  since  that  time  centre  control  has  become  still  more  popular. 
The  argument  in  favor  of  left  steering  is  that  with  the  rule  of 
the  road  compelling  drivers  to  keep  to  the  right,  they  can  much 
better  gauge  the  clearance  when  meeting  other  vehicles,  if  they 
are  seated  on  the  left  side.  On  the  other  hand,  the  driver  is  at 
a  disadvantage  when  overtaking  a  vehicle  or  drawing  up  at  the 
curb,  as  he  is  then  on  the  "of!''  side.  The  advantage  of  control 
levers  on  the  left  side  is  that  if  the  vehicle  is  drawn  up  along- 
side a  curb  both  the  driver  and  front  seat  passenger  can  get 
into  the  car  without  first  walking  half  way  around  it.  However, 
if  the  levers  are  on  the  left  hand  side  they  must  be  operated  by 
means  of  the  left  hand,  which  usually  is  not  as  dexterous  as 
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the  right  hand.  This  is  one  of  the  reasons  for  the  increasing 
popularity  of  centre  control.  Another  reason  is  that  if  the 
change  gear  lever  is  located  at  the  centre  it  may  be  mounted  di- 
rectly on  top  of  the  change  gear  box,  thus  doing  away  with 
superfluous  connections. 


Fig.  282. 
Thumb  Latch  Lever. 


Fig.  283. 
Spoon  Latch  Lever. 


Control  Levers — Brake  and  change  gear  hand  levers  are 
generally  drop  forged  with  a  rectangular,  oval  or  I  section,  but 
cast  steel  or  bronze  levers  are  also  used.  In  pleasure  cars  the 
length  of  these  levers  generally  varies  between  20  and  24  inches, 
depending  upon  the  height  of  the  seat.  The  maximum  pressure 
which  a  driver  is  ever  likely  to  exert  against  these  levers  is  100 
pounds.    Thus,  if  the  length  of  the  lever  from  the  axis  to  the 
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middle  of  the  handle  be  20  inches,  the  bending  moment  at  a  dis- 
tance of  I  inch  from  the  axis  is  2,000  pounds-inches.  Now,  let 
us  suppose  that  the  section  is  to  be  rectangular,  with  a  height 
twice  the  width.  Then,  for  a  stress  in  the  material  of  15,000 
pounds  per  square  inch,  the  equation  of  moments  is 

bd*                  rf» 
15,000 =  15,000 =  2,000 

6  12 

^■=1.6 

d  =  1.17— say,  I  3/16  inch 
h  =  19/32  inch 
An  elliptic  section  of  twice  the  height  as  the  width  has  a  sec- 
tion modulus  of  —  approximately,,  and  the  necessary  height  d 
20 

for  the  above  case  figures  out  to  1.585 — ^say,  i^  inches.  For 
light  cars  the  section  of  the  levers  can  be  calculated  on  the  basis 
of  a  maximum  pressure  of  50  pounds,  because  on  these  cars  less 
effort  is  required  to  operate  the  gears  and  brakes  and  the  driver 
knows  that  he  cannot  expend  his  whole  strength  on  the  levers. 

The  change  gear  lever  of  selective  type  change  gears  moves 
in  an  H  sector  or  gate,  and  does  not  require  a  latch  to  hold 
it  in  position.  However,  a  latched  lever  is  always  used  with 
the  progressive  gear  control,  and  the  emergency  brake  lever  is  also 
provided  with  a  latch.  There  are  two  general  types  of  latch 
levers,  illustrated  in  Figs.  282  and  283,  respectively.  The  former 
is  known  as  the  thumb  latch  and  the  latter  as  the  spoon  latch. 
The  operation  of  these  latches  is  self-evident  and  need  not  be 
described  Both  levers  illustrated  are  designed  as  brake  levers, 
and  it  may  be  pointed  out  that  if  the  lever  is  a  "push  lever," 
applying  the  brakes  as  the  driver  pushes  it  away  from  himself, 
the  latch  spoon  must  be  on  the  forward  side  of  the  grip,  whereas 
if  it  is  a  "pull  lever"  the  latch  spoon  must  be  on  the  back*  The 
hand  grip  is  generally  made  of  circular  section,  and  often  it  is 
covered  with  a  brass  tube  which  is  screwed  or  welded  on.  Plating 
the  grips  has  proven  unsatisfactory,  as  even  a  heavy  coat  of  plate 
soon  wears  off.  If  no  brass  casing  is  used  the  handle  is  gener- 
ally made  tapering,  with  the  largest  diameter  at  the  top.  For  all 
except  the  smallest  cars  the  handle  can  be  made  >^  inch  in 
diameter  if  parallel,  and  from  ^  to  ^  inch  if  tapering. 

The  two  levers  are  generally  arranged  to  turn  about  a  com- 
mon pivot  axis,  and  the  brake  lever  is  the  one  farthest  away 
from  the  driver.  Near  its  big  end  it  is  provided  with  a  central 
slot  through  which  passes  the  ratchet  sector.  Ball  ended  change 
gear  levers  are  now  used  to  quite  an  extent.    In  England  balls 
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Fig.  284. — SuDiNG  Lever  Selective  Gear  Control  (Mathkson). 
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of  hardwood  are  sometimes  forced  over  the  top  ends  of  the 
levers  and  held  in  place  by  screws.  The  levers  are  often  bent 
laterally  because  of  the  bulging  form  of  the  body  and  in  order 
that  there  may  be  plenty  of  clearance  between  the  grips  of  the 
two.  It  is  also  a  good  plan  to  make  the  brake  lever  of  such 
length  that  its  grip  comes  somewhat  higher  than  that  of  the 
gear  lever. 

Selective  Control — ^There  are  two  general  systems  of  se- 
lective control.  The  first  of  these  comprises  a  sliding  shaft 
to  which  the  control  lever  is  rigidly  secured  and  which  at  its 
inner  end  carries  a  downwardly  extending  arm  which  is  adapted 
to  engage  into  a  slot  on  one  or  the  other  of  the  sliding  bars. 
The  Matheson  gear  control,  illustrated  in  Fig.  284,  is  of  this 
type.  The  gear  control  lever  A  is  clamped  to  the  hollow  shaft 
B  which  at  its  opposite  end  carries  the  arm  C,  whose  free  end 
is  adapted  to  engage  into  slots  on  the  slider  bars  D  E.  Lever  A 
moves  in  the  sector.  When  it  is  in  the  slot  nearest  the  car 
frame,  arm  C  connects  with  slider  bar  E  which  controls  the 
first  speed  and  reverse  gears.  Moving  the  hand  lever  to  the 
rear  gives  the  first  forward  speed,  and  moving  it  to  the  front  the 
reverse.  When  the  hand  lever  is  in  the  slot  farthest  from  the 
car  frame,  arm  C  connects  with  slider  bar  D,  and  moving  the 
lever  forward  gives  the  intermediate  speed,  while  moving  it 
backward  gives  the  high  speed  or  direct  drive.  Arm  F  con- 
trols the  locking  bar  G,  shifting  it  in  the  direction  of  its  axis  the 
same  distance  as  the  tubular^  shaft  B  is  shifted  by  means  of 
levers  A,  The  slider  bars  are  provided  with  a  slot  on  their 
under  side  which  allows  the  locking  bar  to  pass  when  they  are 
in  the  neutral  position.  The  locking  bar  has  a  slot  on  its  upper 
side,  and  when  this  slot  is  tmdemeath  a  slider  bar  it  allows  that 
bar  to  be  moved  in  the  direction  of  its  length,  while  the  other 
bar  is  locked  in  position.  A  spring-pressed  ball  engages  with 
conical  holes  in  the  slider  bars,  to  help  the  driver  find  the 
position  of  correct  mesh. 

The  other  type  of  selective  gear  control,  known  as  the  swing- 
ing lever  control,  is  illustrated  in  Fig.  285.  The  control  lever 
is  pivoted  to  a  hub  which  is  free  to  turn  on  the  control  shafts. 
At  the  sides  of  the  control  lever  there  are  two  short  levers, 
which  are  fast  upon  concentric  control  shafts.  Each  of  the  con- 
trol shafts  carries  an  operating  arm  inside  the  frame  member, 
each  operating  arm  being  connected  to  one  of  the  slider  bars. 
The  upwardly  extending  arms  are  provided  at  their  upper 
end  with  lugs  bent  at  right  angles,  between  which  lugs  the  con- 
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trol  lever  engages  when  it  is  pressed  in  the  direction  of  the  par- 
ticnlar  short  lever.  The  control  lever  is  normally  held  in  the 
neutral  position  by  two  fiat  springs  secured  to  the  two  short 
levers,  respectively.  Thus,  when  the  control  lever  moves  in  one 
of  the  slots  of  the  quadrant  it  is  connected  to  one  of  the  short 
levers  and  turns  the  control  shaft  to  which  that  short  lever  is 
secured.  Vice  versa,  when  the  control  lever  moves  in  the  other 
slot  of  the  quadrant,  it  operates  the  other  short  lever,  and,  con- 
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Fig.  285~Rockikg  Lever  Selective  Gear  Control. 

sequently  the  control  shaft  to  which  that  lever  is  secured.  The 
slotted  ends  of  the  short  lever  arms  often  extend  right  into  the 
H  quadrant 

While  all  the  different  designs  of  selective  control  may  be 
classed  under  one  or  the  other  of  -the  above  two  heads,  viz., 
shifting  levers  and  swinging  levers,  there  are  numerous  variations 
in  detail.  Thus,  the  swinging  lever,  instead  of  being  pivoted  at  its 
end,  may  have  the  pivot  at  some  distance  from,  the  end,  and  the 
end  may  be  connected  to  a  sliding  shaft  adapted  to  engage  with 
one  or  the  other  of  the  slider  bars.  In  some  designs  a  control 
lever  is  pulled  by  a  spring  in  the  direction  of  the  outer  slot  in 
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the  quadrant,  one  advantage  of  which  is  that  there  is  little 
danger  of  inadvertently  engaging  the  reverse  gear  when  chang- 
ing from  low  to  second,  or  from  high  to  second. 

In  the  past  considerable  trouble  has  been  experienced  in  the 
operation  of  cars  because  of  the  lack  of  tmiformity  in  the  ar- 
rangement of  selective  gear  quadrants,  that  is,  the  relative 
arrangement  of  the  different  gear  positions.  This  made  it  awk- 
ward for  a  driver  accustomed  to  one  make  of  car  to  drive 
another  with  the  gear  positions  differently  arranged,  and  even 
involved  an  element  of  danger.  In  'order  to  do  away  with  this 
state  of  affairs  the  Society  of  Automobile  Engineers  undertook 
the  work  of  selective  gear  quadrant  standardization  and  evolved 
the  preferred  arrangements  shown  in  Fig.  286  for  three  and  four 
speed  gears,  respectively.    The  brake  lever  is  usually  pulled  to 


Fig.  286— Preferred  Selective  Gear   Quadrant  Designs 
(S.  A.  E.). 

the  rear  in  order  to  apply  the  brake,  although  there  is  also  some 
variation  from  this  practice. 

In  selecting  these  quadrants  one  point  that  was  kept  in  mind 
was  that  it  is  desirable  to  have  the  gear  lever  in  the  high  speed 
position  far  removed  from  the  brake  lever  in  the  off  position, 
so  that  there  is  no  danger  of  accidentally  getting  hold  of  the 
gear  lever  when  wishing  to  stop  quickly  in  an  emergency.  With 
a  four  speed  gear  it  is  customary  to  start  on  second,  and  the 
sequence  of  motions  in  going  from  one  gear  position  to  another 
until  the  high  gear  is  reached  is  exactly  the  same  as  with  the 
three  speed  gear,  if  the  preferred  types  of  quadrants  are  used. 
Further,  with  control  levers  inside  the  body,  it  is  desirable  to 
have  them  close  together  in  the  lateral  direction  when  the  gear 
lever  is  in  the  high  gear  position  (which  it  is  most  of  the  time) 
so  there  will  be  the  least  interference  with  lap  robes,  etc. 
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Clutch  and  Change  Gear  Interlock— In  order  to  prevent 
shifting  of  the  gears  while  the  clutch  is  engaged,  some  designers 
provide  an  interlock  between  the  gear  sliding  and  clutch  operat- 
ing mechanism.  This  may  be  so  arranged  that  the  gear 
cannot  be  shifted  unless  the  clutch  is  out,  and  the  clutch  can- 
not be  engaged  unless  the  gears  are  in  full  mesh.  Of  course 
the  former  function  is  the  most  important  and  some  interlocks 
are  designed  for  it  alone.  A  diagram  of  one  arrangement  is 
illustrated  in  Fig.  287.  A  sector  is  secured  to  the  gear  lever 
shaft  and  has  a  slot  across  its  face  parallel  with  the  shaft  into 
which  a  latch  bolt  engages  when  the  gear  lever  is  in  the  neutral 
position.  This  latch  bolt  is  operated  by  means  of  a  linkage  from 
the  clutch  pedal  shaft    It  will  be  seen  that  with  the  latch  bolt 


Fig.  287— Clutch  and  Gear  Interlock. 
in  the  slot  on  the  sector  the  gear  lever  cannot  be  moved  into 
any  of  the  slots  of  the  gate. 

Quadrants — The  quadrant  is  usually  cast  of  brass  and  is  se- 
cured to  a  cast  bracket  which  also  forms  the  bearing  for  the 
control  shafts,  and  is  bolted  to  the  frame.  The  quadrant 
for  the  brake  lever,  which  has  ratchet  teeth  ^nit  upon  it,  is 
made  of  steel  and  hardened,  and  is  carried  by  the  same  support 
as  the  gear  lever  quadrant.  If  the  quadrant  is  located  at  the 
side  of  the  frame  the  shafts  may  pass  either  over  the  top,  under- 
neath or  right  through  the  middle  of  the  side  member.  In  cars 
in  which  the  driver's  compartment  is  enclosed  (which  includes 
practically  all  modern  pleasure  cars)  it  has  been  found  prefer- 
able to  have  the  control  levers  inside  the  body.  Many  different 
solutions  of  the  problem  of  inside  control  levers  have  been  worked 
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out.  Some  place  the  quadrant  on  the  inside  of  the  frame,  and 
have  it  rise  up  through  the  floor  boards.  Others  use  bodies  with 
sUch  a  wide  overhang  that  though  the  levers  are  outside  the 
frame  they  come  inside  the  body,  while  still  others  secure  the  H 


288 — Centre  Gear  Control. 


quadrant  to  the  inside  of  the  body  substantially  flush  with  the 
top  thereof. 

Centre  Control.— In  the  centre  gear  control,  Fig.  288^  the 
cover  of  the  gear  box  forms  one  part  of  a  housing  which  con 
tains  the  lever  arm  operating  the  slider  bars.    The  top  half  of 
the  housing  has  the  major  part  of  the  H  quadrant  cast  integral 
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'with  it  This  quadrant  rises  above  the  floor  board,  and  is  prefer- 
ably made  box  shaped,  with  no  openings  above  the  floor  other 
than  the  slots  in  which  the  gear  lever  moves.  With  centre  con- 
trol levers  it  is  often  difficult  to  get  the  levers  in  the  proper 
position  for  the  driver  and  mount  them  directly  on  the  gear 
box.    If  the  gear  box  is  located  too  far  to  the  rear  to  admit  of 


Fig.   28p.— Revebse   Slot   Block. 


placing  the  levers  in  front  of  the  seat,  space  for  them  may  be 
left  between  the  two  front  seats. 

No  provision  is  made  in  Fig.  288  for  mounting  the  brake 
lever  concentric  with  the  gear  lever.  Quite  often  both  a  gear 
and  a  brake  lever  are  mounted  in  the  centre,  but  the  tendency, 
at  least  in  small  cars,  seems  to  be  to  use  in  connection  with  a 
central  gear  lever  a  pedal  operating  both  the  clutch  and  service 
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brake,  and  another  pedal  operating  the  emergency  brake.  In 
that  case  the  brake  pedal  is  provided  with  a  ratchet  latch  which 
engages  automatically  and  is  disengaged  with  the  heel. 

Reverse  Lock-Out — In  order  to  obviate  the  possibility  of 
accidentally  engaging  the  reverse  gear,  a  block  is  provided 
which  blocks  the  slot  corresponding  to  the  reverse  until  after 
a  latch  bolt  has  been  drawn  out  of  place.  Such  a  block  is 
illustrated  in  Fig.  289.    The  change  gear  lever  is  provided  with 
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Fig.  290 — TuRNBucKLE  Adjustment  fob  Brake  Rod. 

the  usual  thumb  button,  which,  however,  is  not  pressed  as 
long  as  the  driver  wants  to  drive  in  the  forward  direction.  This 
thumb  button  connects  with  a  short  double  armed  lever  pivoted 
on  the  side  of  the  gear  lever,  with  a  down  turned  forward  end 
which  abuts  against  a  raised  portion  on  the  H  quadrant  as  the 
gear  lever  is  about  to  enter  the  reverse  slot.  The  operator  must 
then  press  on  the  thumb  button  before  the  reverse  gear  can  be 
engaged. 

In  pleasure  cars  the  range  of  motion  of  the  brake  lever  handle 
should  not  exceed  16  inches,  and  the  gear  lever  motion  should 


Fig.  291— Screw  Adjustment  for  Brake  Rod. 

be  less  for  the  sake  of  convenience  in  operation.  Selective  gear 
control  levers  generally  move  only  about  8  inches.  Control  shafts 
and  other  parts  of  a  large  car  should  be  designed  to  have  a 
resisting  moment  of  2,000  pounds-inches,  with  a  stress  of  about 
iS»ooo  pounds  per  square  inch  for  low  carbon  steel.  English 
designs  generally  make  their  gear  quadrants  in  the  form  of  a 
box,  the  object  being  to  protect  the  selector  mechanism  and  its 
bearing  from  mud,  etc. 
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Brake  and  gear  control  shafts  are  generally  arranged  con- 
centrically, though  occasionally  they  are  carried  in  separate 
bearings  parallel  and  close  together.  When  arranged  concen- 
trically the  brake  control  shaft  is  mostly  the  inner  one,  though 
the  reverse  arrangement  is  also  met  with. 

Brake  Rod  Adjustment— Fig.  290  shows  a  turnbuckle  ad- 
justment for  brake  rods  which  is  provided  with  a  handy  locking 
device.  The  ends  of  the  two  rods  connected  are  threaded  right 
and  left  respectively.  A  clamp  made  of  sheet  brass  is  hinged 
to  the  knuckle  and  its  opposite  end  is  forced  over  a  flattened  por- 
tion of  one  of  the  rods,  thus  preventing  unscrewing  of  the 
turnbuckle.  Another  form  of  adjustment,  seen  particularly  oh 
French  cars,  is  shown  in  Fig.  291.  The  rod  is  shown  screwed 
through  the  pivot  pin,  but  it  may  also  be  held  between  two  units 
on  opposite  sides  of  the  pin.  It  is  customary  to  make  the 
diameter  of  the  trunnion  equal  to  twice  the  diameter  of  the  rod. 
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THE  FRAME  AND  ITS  BRACKETS. 

Automobile  frames  are  almost  exclusively  made  of  pressings 
from  sheet  steel.  Laminated  wood  and  armored  wood  frames 
are  used  by  a  few  manufacturers  of  pleasure  cars,  and  rolled 
section  steel  frames  by  some  makers  of  commercial  cars. 

Materials— Originally  pressed  steel  frame  members  were 
made  of  cold  rolled  Bessemer  steel,  with  a  carbon  content  of 
about  o.io  per  cent.  Bessemer  steel  has  since  been  discarded 
in  favor  of  open  hearth  steel,  and  while  cold  rolled  sheets  are 
still  used  in  most  cases,  hot  rolled  stock  has  also  come  into 
use.  Frames  are  also  made  of  chrome-nickel  steel.  Alloy 
steel  frames  are  now  always  heat  treated,  it  having  been  found 
that  without  heat  treatment  the  gain  in  elastic  limit  hardly  war- 
rants the  additional  cost  of  the  special  steel. 

The  most  widely  used  frame  material  ^t  the  present  time 
is  open  hearth  carbon  steel  of  about  0.15  per  cent,  carbon 
content.  In  the  annealed  condition  such  steel  has  an  elastic 
limit  of  about  30,000  pounds  per  square  inch.  Steel  with  a 
somewhat  higher  carbon  content,  about  0.25  per  cent.,  is  also 
used,  and  has  a  somewhat  higher  elastic  limit,  but  is  not  as 
malleable  as  the  low  carbon  product.  The  chief  reason  for 
using  cold  rolled  steel  is  because  of  the  natural  bright  finish 
of  this  steel  as  it  comes  from  the  mill.  The  S.  A.  E.  specifi- 
cations of  frame  steels  are  given  on  the  following  page. 

The  S.  A.  E. '  standards  committee  on  frames  in  a  report 
made  at  the  Detroit  meeting  in  June,  1912,  proposed  a  carbon 
frame  steel  containing  0.30  per  cent,  carbon  and  a  chrome- 
nickel  frame  steel  containing  0.25  per  cent,  carbon,  but  these 
proposals  have  not  yet  been  adopted  by  the  S.  A.  E.  There 
is  evidently  a  tendency  to  increase  the  carbon  content  in 
frame  steels. 

The  heat  treatment  for  the  0.15  carbon  chrome-nickel  steel 
above  mentioned  is  as  follows:  After  the  frames  are  formed 
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.15%  CARBON  STEEL. 

Carbon    08%  to  o.  18%  ( . is%  desired) 

Manganese    40%  to     .60%  (.50%  desired) 

Silicon    Not  over     .30% 

Phosphorus   Not  over     .04% 

Sulphur    Not  over     .04% 

0.15%  CARBON,  CHROME  NICKEL  STEEL. 

Carbon    10%  to    .ao%     (.15%  desired) 

Manganese    40%  to     .60%     (.50%  desired) 

Silicon    xo%  to     .30% 

Phosphorus    Not  over     .04% 

Sulphur    Not  over     ^04% 

Nickel  ^ 1.50%  to  a. 00%  (x.75%  desired) 

Chromium  . .  50%  to  i  .00%   (  .75%  desired) 

heat  to  1^400-1,450*  Fahr.,  quench,  heat  to  1,000-1,200*  Fahr. 
and  cool  slowly.  Thin  sections,  like  frames,  respond  very 
sharply  to  quenching  operations,  and  therefore  must  be 
handled  with  great  care. 

Recently  manufacturers  of  steel  frames  have  begun  to  ap- 
ply heat  treatment  to  carbon  steel  frames  also,  -  and  C.  M. 
Hall,  in  a  paper  read  before  the  Detroit  Section  of  the  S.  A. 
£.,  cites  a  case  where  the  elastic  limit  of  an  open  hearth 
carbon  steel  for  frames  was  increased  from  28,950  pounds  per 
square  inch  to  57,300  pounds  per  square  inch,  the  elongation 
in  2  inches  being  reduced  from '37  to  28.25  per  cent.  The 
elastic  limit  of  nickel-chrome  frame  steel,  heat  treated,  varies 
from  60,000  pounds  for  the  lower  carbon  to  over  100,000 
pounds  for  the  higher  carbon  steels. 

Sheet  steel  for  frames  is  measured  by  the  United  States 
sheet  metal  gauge,  and  is  furnished  in  thicknesses  of  0.125. 
0.156,  0.187  and  0.250  inch. 

Frame  Sections — The  side  rails  of  automobile  pressed  steel 
frames  are  invariably  made  of  channel  section,  with  the  open 
side  turned  inward.  Most  of  the  cross  members  employed  are 
also  of  channel  section.  The  side  rails  are  the  most  important 
parts,  they  being  subjected  to  the  greatest  unit  stress  and  con- 
stituting the  bulk  of  the  weight.  The  height  of  the  section 
is  constant  over  a  certain  portion  at  the  middle  of  the  rails, 
generally  about  one-third  the  whole  length,  and  decreases 
uniformly  toward  both  ends.  Straight  side  rails  are  by  far 
the  cheapest  to  produce,  and  are  generally  used  for  low 
priced  cars,  but  in  the  larger  size  vehicles  it  is  necessary  to 
narrow  the  frame  in  front  in  order  to  enable  the  car  to  turn 
in  a  circle  of  reasonably  small  radius,  and  to  give  it  a  single 
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or  double  drop,  or  a  "kick  up"  over  the  rear  axle,  in  order 
to  bring  the  centre  of  gravity  down  low  without  inordinately 
reducing  the  clearance  between  the  frame  and  axles  required 
for  proper  spring  action.  Single  drop  frames  are  now  widely 
used,  as  they  go  together  with  three-quarter  elliptic  springs, 
which  are  also  popular. 

Insweep  and  Drop— The  insweep  of  the  frame  at  the  front, 
to  reduce  the  turning  radius,  confronts  designers  with  a  diffi- 
cult problem,  as  it  imposes  a  twisting  moment  on  the  frame 
bar  at  the  bend,  and  a  light  channel  section  has  very  little 
resistance  to  twisting  strains. 

When  pressed  steel  frames  narrowed  in  front  were  first 
used  the  "insweep"  was  generally  in  the  form  of  a  compound 
curve  of  very  short  radius.   This  greatly  weakened  the  frame 


Fig.  294.— Inswept  Frame  Reinforced. 

and  often  led  to  trouble.  At  present  it  is  customary  to  extend 
the  insweep  over  a  great  length  and  to  increase  the  width  of 
the  flanges  at  the  frame.  Several  designs  of  frame  bars 
inswept  in  front  are  shown  in  Fig.  292.  In  design  A  the  inner 
edge  of  the  flange  runs  parallel  with  the  longitudinal  axis  of 
the  car  up  to  the  end  of  the  offset,  whence  it  runs  in  a 
straight  line  to  the  rear  end,  where  the  flange  is  made  as 
wide  as  at  the  front  end.  In  design  B  the  inner  edge  of  the 
flange  runs  parallel  with  the  car  axis  to  a  point  just  beyond 
the  intermediate  cross  member,  beyond  which  the  flange  is 
of  the  same  width  as  in  front.  In  design  C  the  flanges  are 
widened  only  at  the  .offset. 
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Fig.  293  shows  side  views  of  four  types  of  side  rails,  A 
being  the  ordinary  straight  rail;  B,  a  rail  with  a  single  drop; 
C,  a  rail  with  double  drop,  and  D,  a  rail  with  a  kick-up  over 
the  back  axle. 

The  greatest  offset  in  the  front  part  of  the  frame  side  rails 
is  probably  required  in  taxicabs,  whose  frame  must  be  very 
narrow  in  front  in  order  to  admit  of  turning  around  in  an 
ordinary  city  street  without  backing,  and  comparatively  wide 
in  the  rear  so  the  rear  seat  will  accommodate  three  passengers 
without  crowding.  This  problem  is  sometimes  solved  by 
using  channel  section  reinforcements  in  the  side  bars  at  the 
front  end,  which  extend  to  a  cross  member  somewhat  to  the 
rear  of  the  bend  in  the  frame,  as  shown  in  Fig.  294. 

CalcttUtion  of  Side  Rail  Section— Each  frame  side  rail  con- 
stitutes a  beam  which  is  supported  at  four  points,  the  points 
of  spring  attachment,  as  shown  in  Fig.  295.  The  reactions  R 
at  opposite  ends  of  each  spring  will  be  equal,  and   the   re- 

^       u  111  i  i  m  n  i  n  i  m  m  n  1 1 1  I.I  u  1 1  n       ^ 

Fig.  295.— Diagram  of  Load  and  Reactions  on  Frame  Rail. 

sultant  of  these  two  reactions  acts  on  the  frame  midway  be- 
tween spring  eyes  or  directly  above  the  axle.  In  a  pleasure 
car  of  standard  design  the  weight  on  the  frame  is  distributed 
more  or  less  uniformly  from  a  point  substantially  aboye  the 
front  axle  to.  a  point  a  little  behind  the  rear  axle,  and,  there- 
fore, we  will  not  be  far  wrong  in  considering  the  frame  side 
bar  a  beam  supported  at  two  points,  directly  above  the  axles, 
and  carrying  a  uniformly  distributed  load  between  points  of 
support. 

Let  /  =  the  distance  beween  supports  (wheelbase),  and  W 
the  weight  carried  by  each  frame  rail,  then  the  maximum 
bending  moment,  which  occurs  midway  between  supports,  is 

.     It  is   evident  that  the  modulus  of   the   section   at  the 

8 

point  of  maximum  bending  moment  should  be  proportional 

to  this  moment.    Calling  the  necessary  factor  of  safety  /,  then 

IV  i      Z  L 

where  Z  is  the  section  modulus  and  L  the  elastic  limit  of  the 
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material.  Just  what  value  should  be  given  to  /  cannot  well 
be  determined  from  first  principles.  The  above  equation  may 
be  transposed  to  read 

^        8Z 
The  weight  fV  on  one  frame  rail  is  proportional  to  the  total 
weight  of  the  car  with  load  (fTi).    Hence  we  may  write 
aW\lf      (a/\  IVyl 


^"       8       -"\8 


Denoting  the  expression  (^)  by  c  we  have 


In  frames  for  pleasure  cars  built  up  to  1910  the  average  value 
of  c  was  a  12.  However,  when  the  fore-door  type  of  body  came 
into  use  considerable  trouble  was  experienced  from  cramping  of 
the  front  doors.  These  are  located  not  far  from  midway  be- 
tween the  points  of  support  of  the  frame,  where  the  deflection 
is  the  maximum.  To  obviate  this  cramping,  the  constant  c  is 
now  made  equal  to  about  0.16  for  carbon  steel  and  as  high  as 
o.ao  for  alloy  steel,  in  the  case  of  high  powered  cars.  For  low 
powered  cars,  especially  those  of  short  wheelbase,  like  20-25 
horse  power  runabouts,  a  frame  rail  whose  section  modulus  gives 
a  value  of  o.io-ai2  to  the  constant  c  is  amply  strong.  Therefore, 
to  sum  up  for  pleasure  cars: 

Z=c!^ .^ (74) 

r  =0.10-0.12  for  low  powered  small  cars; 

c  =  o.i6  for  high  powered  cars  with  carbon  steel  frames; 

r  =  o.2o  for  high  powered  cars  with  alloy  steel  frames. 

The  fore-door  body  has  made  stiffness  of  the  frame  an  im- 
portant factor,  and  from  this  point  of  view  the  use  of  alloy  steel 
'offers  little  advantage. 

In  the  above  the  frame  rails  have  been  considered  as  simple 
beams  subjected  to  bending  stresses  and  sheer  only.  As  a  mat- 
ter of  fact,  the  rear  springs  usually  are  located  outside  the  frame 
and  the  reaction  at  their  points  of  attachment  imposes  a  tor- 
sional stress  on  the  side  rails.  However,  very  little  torsion  oc- 
curs, because  the  cross  members  take  up  these  stresses.  With 
the  usual  three-quarter  elliptic  rear  springs  the  quarter  elliptic 
members  are  often  bolted  directly  to  extensions  of  the  rear 
cross   member,   and  only  the   reaction  at  the   forward  spring 
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shackle  can  produce  torsion  in  the  side  rail.  It,  therefore,  is  not 
essential  to  consider  the  torsional  moment  of  outside  springs  in 
the  calculation  of  the  frame  section,  but  cross  members  should 
preferably  be  placed  as  close  to  the  point  of  spring  attachment  to 
the  frame  as  possible. 

In  motor  trucks  the  bending  moment  on  the  frame  rails  fol- 
lows a  somewhat  different  curve,  for  the  reason  that  usually  the 
load  considerably  overhangs  the  rear  axle.  C.  F.  Cleaver  in  the 
Automobile  Engineer  of  August,  1912,  published  a  diagram  of 
bending  moments  and  sheer  in  the  frame  of  a  4  ton  truck  of 


Sending  Moment 


Fig.  296.--D1AGRAM  OF  Bending  Moments  and  Shearing  Force 
ON  Motor  Truck  Frame  Rail. 

standard  design,  which  diagram  is  herewith  reproduced  (Fig. 
296).  Of  course,  the  weights  of  the  individual  parts  of  the 
mechanism  are  generally  not  accurately  known  when  the  frame 
is  designed,  and  sufficiently  close  results  will  be  obtained  by  as- 
suming the  total  weight  of  truck  and  load  and  using  a  formula 
of  the  same  form  as  (74)  but  with  a  different  coefficient,  be- 
cause of  the  different  weight  distribution,  speed  and  type  of  tires, 
as  compared  with  pleasure  vehicles.  Commercial  vehicle  data 
in  the  author's  possession  shows  that  in  average  modern  practice 


Z  =  0.09  ■ 


w.t 


.(75) 
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This  equation  is  to  be  used  only  if  the  load  overhangs  the  rear 
axle  as  much  as  in  Fig.  296.  If  the  overhang  is  much  less  a 
somewhat  greater  coefficient  should  be  used. 

The  Society  of  Automobile  Engineers  has  been  endeavor- 
ing to  standardize  frame  sections,  and  in  a  committee  report  the 
following  channel  sections  are  proposed: 

TABLE  IX— SIDE  RAIL  SECTIONS. 


LXE 


♦-0*1 

c. 

A. 

B. 

Variable  Outside  Dimension. 

Desig-         Flange 

Punch 

Using 

Using 

Using 

Using 

tiation.        Width. 

Sixe. 

0.125 

0.156 

0.187 

0.250 

In.              In. 

In. 

In. 

In. 

la 

In. 

3                 x^ 

^Ya 

3 

3    i-i6 

3'A             i^ 

zVa 

3J4 

3    916 

3H 

4                 i^ 

311- 

16 

3  15-16 

4 

41-1 

6 

4  3-i6 

aVi             iH 

4H 

4H 

4    7-16 

AV^ 

AM 

5                 Wa 

A\i 

4^ 

4  15x6 

5 

Sli 

SJ4             i*C 

5^ 

5*^ 

5    7-16 

5J4 

sH 

6                 iYa 

5H 

5?< 

5  15-16 

6 

6^ 

Following  are 

the  section  moduli  of  these  sections : 

TABLE  X- 

-SECTION  MODULI  OF    FRAME 

SECTIONS. 

B. 

C. 

t. 

Z. 

3.000 

•5 

0.125 

0.66 

3.500 

.5 

0.125 

o.8x 

3.06a 

[.5 

0.156 

0.86 

3.937s 

t.5 

0.125 

0.98 

3.s6a 

t.5 

0.X56 

1.08 

4.375 

[.5 

0.125 

1.13 

3.625 

r.S 

0.187 

1. 18 

4.000 

is 

0.156 

X.26 

4.062 

.5 

0.187 

1.40 

4.437 

.5 

0.156 

1.47 

4.875 

1.75 

0.125 

I. S3 

4.500 

1.5 

0.187 

1.56 

5.375 

t.75 

0.125 

1.67 

4.937 

r.75 

0.156 

1.84 

4.187 

1.5 

0.250 

1.87 

5.875 

r.7S 

0.125 

1.90 

5. 437 

1.75 

0.156 

2.06 

4.625 

.5 

0.250 

2.16 

5.000 

1.75 

0.187 

2. 17 

5.937 

1.75 

0.156 

2.19 

5.500 

1.75 

0.187 

2.45 

6.000 

1.75 

0.187 

2.78 

5.125 

1-75 

0.250 

2.86 

5.625 

1.75 

0.250 

3.26 

6. 125 

1.75 

0.250 

3.70 
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The  side  rails  are  tapered  1/16  inch  in  one  inch  of  length.  It 
has  been  proposed  that  the  length  of  the  middle,  parallel  portion 
of  the  rail  be  made  a  multiple  of  2  inches,  and  that  a  distance 
of  at  least  10  inches  be  allowed  between  the  rear  end  of  the 
front  taper  and  the  in-sweep. 

Following  are  the  dimensions  and  constants  of  standard  rolled 
steel  channels  sometimes  used  for  truck  frames: 

TABLE  XI— PROPERTIES  OF  ROLLED  CHANNELS. 

Weight  Moment 

Thickness             Width           Per  Foot  of  Section 

Depth.              of  Web.          of  Flange.        (Pounds).  Inertia.  Modulus. 

5    0.19                  1-75                  6.S  7.4  3 

5    0-33                   1.89                   9  8.9  3.S 

6    0.30                   1.9a                   8  13.0  4*3 

6    0.33                  a. 04                10.5  15. 1  5 


6  0.44  a. 16  13  17.3 

7  o.ai  a. 09  9.75  ai.i 

7  0.3a  a.ao  la.as  34. a                  6. 

7  0.44  a. 30  14.7s  27. 

8  o.aa  a.a6  ix.as  32,3 


l:S 


S:? 


8    0.31  a.3S  13.7s  36.0  9. 

8    0.40  a. 44  16. as  39.9  xo. 

The  moment  of  inertia  and  section  modulus  as  given  in  the 
above  table  apply  to  a  neutral  axis  perpendicular  to  the  web  at 
the  centre. 


Fig.  297.— Diagram  of  Compound  Curve  in  Frame  Rails. 

Except  in  the  very  smallest  cars,  the  front  portion  of  the 
frame  is  generally  between  28  and  32  inches  wide,  and  the  rear 
portion  is  wider  by  twice  the  amount  of  the  offset  of  the  rails, 
which  is  made  from  i  to  2  inches.  All  offsets  and  drops  in  the 
side  are  generally  in  the  form  of  compound  circular  curves,  and 
it  has  been  suggested  to  make  the  radii  of  these  curves  10,  20 
or  30  inches.  With  a  compound  circular  curve  the  length  of 
offset  L  (Fig.  297),  the  offset  /  and  the  radius  of  curvature  R 
arc  connected  by  the  formula 

^^-77" ^^^ 

Of  course,  smaller  radii  may  be  used  and  the  two  arcs  connected 
by  a  common  tangent 
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Cross  Members — Cross  members  are  made  of  widely  difiFerent 
forms,  according  to  the  parts  they  have  to  support,  etc  At  the 
ends  they  are  made  of  an  outside  height  equal  to  the  inside  height 
of  the  side  rail  section  at  that  particular  point,  so  as  to  fit  into 
the  side  rail  channel.  In  pleasure  car  frames  there  are  usually 
four  cross  members,  one  in  front,  one  at  the  rear  and  two  inter- 
mediate ones,  though  if  a  sub-frame  is  used  there  is  generally 
only  one  intermediate  cross  member,  back  of  the  change  gear 
box.  The  front  cross  member  usually  comes  underneath  the 
radiator,  being  dropped  to  accommodate  the  latter,  and  also  car- 
ries the  bracket  for  the  starting  crank.  The  two  intermediate 
cross  members  generally  support  the  change  gear  and  they  often 
have  to  be  dropped  to  pass  underneath  the  gear  box  or  the  drive 
shaft,  arched  to  pass  over  the  top  of  the  box  or  shaft  or  made  of 


Fig.  298.— Rear  Gusset. 

comparatively  large  height  at  the  middle  and  with  a  hole  through 
which  the  drive  shaft  passes.  The  rear  cross  member  can  gen- 
erally be  made  straight,  and  it  is  customary  to  use  a  specially  large 
gusset  at  the  rear  corner  of  the  frame  in  order  to  prevent  any 
tendency  to  distortion.  A  popular  design  of  rear  corner  gusset  is 
shown  in  Fig.  298.  In  England  tubular  cross  members  are  used 
to  quite  an  extent,  and  cross  members  of  cast  steel  and  man- 
ganese bronze  are  also  in  use. 

Sub-frames — Sub-frames  on  which  the  engine  and  change 
gear  are  supported  are  still  used  to  a  considerable  extent,  al- 
though not  as  much  as  formerly.  These,  too,  are  generally  made 
of  channel  section  pressed  steel,  and  are  riveted  to  the  forward 
and  an  intermediate  cross  member,  being  so  placed  that  the  top 
of  the  sub-frame  comes  flush  with  the  inner  side  of  the  lower 
flange  of  the  main  frame  rail.    The  S.  A.  E  committee  in  its 
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report  suggests  a  standard  width  of  i^  inches  for  all  sub-frame 
bars  and  that  the  space  between  members  (into  which  the  flywheel 
must  go)  be  made  either  17,  17.5  or  18  inches.  Sub-frame  bars 
are  generally  placed  with  their  open  sides  outward  for  con- 
venience in  bolting  parts  to  them,  and  often  a  filler  plate  of  thin 
sheet  steel  closes  the  opening  between  the  sub-frame  and  main 
frame.    A  typical  sub- frame  construction  is  shown  in  Fig.  299. 

In  designing  drop  bars,  the  radii  of  the  outlines  should  be  made 
as  large  as  possible,  as  short  curves  are  hard  to  draw.  The  width 
of  the  flanges  should  be  made  equal,  or, at  least  nearly  so,  and  the 
ends  of  the  bar  should  preferably  be  so  designed  that  the  flanges 
are  trimmed  to  the  same  length.  Stock  will  be  economized  if  an 
integral  gusset  is  provided  for  on  the  lower  flange. 
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Fig.  299. — Sub-frame  G)nstruction. 


Frame  Joints — ^The  individual  parts  of  pressed  steel  frames 
are  joined  by  riveting,  either  separate  or  integral  gussets  being 
used  i^A  and  B,  Fig.  300).  Two  methods  of  riveting  are  in  use, 
viz.,  cold  riveting  and  hot  riveting.  In  testing  a  hot  riveted  joint 
under  tension  in  the  plane  of  contact,  as  the  tension  assumes  a 
certain  definite  value,  there  is  a  sudden  increase  in  extension. 
This  is  due  to  the  fact  that  up  to  this  point  the  tension  is  re- 
sisted by  the  contact  friction  which  in  a  hot  riveted  joint  is  very 
considerable,  because  the  rivet  in  cooling  draws  the  two  parts  to- 
gether with  great  force,  and  to  the  further  fact  that  the  rivet,  also 
because  of  its  contraction  in  cooling,  does  not  entirely  fill  up  the 
hole.  With  cold  riveting  the  hole  is  completely  filled  by  the 
rivet,  but,  on  the  other  hand,  the  surfaces  are  not  applied  to  each 
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other  with  as  great  force.  It  seems  that  hot  riveting,  on  the 
whole,  has  proven  the  most  satisfactory  and  is  now  in  g^eral 
use.  Two  sizes  of  rivets  are  used,  A  and  H  inch.  The  holes 
for  hot  riveting  for  these  two  sizes  are  made  h^  and  U  inch, 
respectively,  and  are  spaced  ahout  i^  inches.  In  riveting 
brackets  to  frame  members,  three  rivets  are  often  used.  All 
rivet  holes  weaken  the  frame,  but  the  weakening  effect  varies 
greatly  with  the  location  of  the  holes.  A  hole  at  the  middle  of 
the  web  has  but  little  effect,  but  the  opposite  is  true  of  a  hole 
in  one  of  the  flanges.  In  this  connection  it  is  well  to  remember 
that  the  lower  flange  is  under  tension  and  the  upper  under  com- 
pression, the  unit  stress  being  the  same  in  both,  and  since  the 
compressive  strength  of  frame  materials  is  considerably  greater 
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Fig.  300.— Types  of  Gusset  Plates. 

than  their  tensile  strength,  it  is  advisable  to  put  rivet  holes  in  the 
upper  rather  than  in  the  lower  flange,  where  this  can  be  done 
just  as  well. 

Underslung  Frames — An  underslung  frame— that  is,  a  frame 
located  underneath  the  axles— is  sometimes  used  because  of  the 
low  centre  of  gravity  it  gives.  By  means  of  a  raised  sub-frame 
the  engine  and  gear  box  are  placed  at  about  the  same  distance 
from  the  ground  as  ordinarily,  because  to  lower  them  would 
mean  reducing  the  ground  clearance;  but  the  frame,  body  and 
passengers  are  materially  lowered,  which  lowers  the  centre  of 
gravity  of  the  whole  car  and  increases  its  stability.  Specially 
large  wheels  are  employed  in  connection  with  underslung  frames, 
which  increases  the  ground  clearance  and  incidentally  tends  to 
give  a  straight  line  drive.  The  frame  is  usually  the  lowest  part 
of  the  car  and  has  a  ground  clearance  of  9  to  10  inches.  Five  or 
six  American  makers  are  at  present  using  this  construction  in 
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Fig.  301.— Underslung  Frame  Rail. 


some  of  their  models.    Fig.  301  shows  the  general  form  of  the 
side  rail  of  an  underslimg  frame. 

Wood  Sill  Frame— The  H.  H.  Franklin  Manufacturing  Com- 
pany uses  a  frame  made  of  wood  sills.  Each  sill  is  made  of  three 
laminae  of  second  growth  white  ash,  which  has  been  air  sea- 
soned and  kiln  dried  in  the  plank,  the  laminae  being  glued  and 
screwed  together,  and  so  arranged  that  the  grain  in  adjacent  ones 
runs  at  a  slightly  different  angle.  The  built-up  sill  is  kiln  dried 
at  a  somewhat  lower  temperature  than  the  lumber,  and  is  then 
shaped  to  the  exact  size  required.  Thin  strips  are  then  glued 
along  the  top  and  bottom  edges  to  cover  the 
joints  in  the  main  portion  of  the  sills,  so  as 
to  keep  out  moisture.  Next,  two  side  sills 
are  placed  in  their  proper  relation  to  each 
other  and  connected  by  cross-pieces.  The 
rear  comers  are  metal  bound  and  provided 
with  4  inch  gusset  blocks.  The  attachment 
of  brackets,  painting  and  varnishing  complete 
the  frame. 

A  wood  sill  of  selected  material  and  prop- 
erly proportioned  is  stronger  in  a  vertical 
plane  than  a  steel  frame  rail  of  the  usual 
proportions  and  of  equal  weight.  Thus,  ac- 
cording to  tests  made  by  the  engineers  of  the 
Franklin  Company,  a  pressed  steel  side  rail 
having  a  section  of  45^xi>^xA  inch,  and  a 
weight  per  linear  inch  of  0.408  pound,  has  a 
resisting  moment  of  114,830  pounds-inches, 
whereas  an  ash  sill  measuring  1^x6  inches 
and  weighing  0.266  pound  per  linear  inch 
has  a  resisting  moment  of  142,275  pounds-inches.  That  wood  sill 
frames  are  not  more  generally  used  is  probably  due  to  the  diffi- 
culty of  securing  really  faultless  wood  and  to  the  very  careful 
handling  the  wood  requires  in  the  process  of  manufacture,  which 
makes  the  frame  rather  expensive.  Besides  lightness,  it  is 
claimed  for  the  wood  sill  frame  that  it  absorbs  shocks  and  muffles 
noise.  I  ' 


Fig.  302. — Section 
OF  Franklin 
Wood  Sill. 
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Wood  sills  reinforced  with  steel  flitch  plates  and  square  tubes 
filled  with  wood  have  also  been  used,  especially  abroad,  but  have 
been  practically  entirely  discarded  in  favor  of  pressed  steel. 

Frame  Trusses— Frame  trusses  in  the  past  frequently  were 
used  as  last  resorts  in  cases  where  the  frame  was  found  to  be  too 
light  for  the  load  after  the  car  had  been  built.  It  may  be  that 
this  brought  them  into  disrepute,  for  at  present  they  are  prac- 
tically never  used  on  pleasure  cars  and  only  on  a  few  motor 
trucks.  The  use  of  trusses  in  railway  cars  is  universal,  and  their 
use  on  motor  trucks  should  permit  of  a  considerable  saving  on 
the  weight  of  the  frame.  The  only  objection  that  can  be  raised 
to  a  properly  designed  truss  is,  that  if  it  should  be  improperly 
adjusted  by  an  incompetent  driver  it  would  give  trouble.  Trusses 
are  known  as  two  panel  or  three  panel,  according  to  whether 
one  pT  two  struts  are  used.  With  a  two  panel  truss  the  strut  is  * 
preferably  located  midway  between  anchorages,  and  with  a  three 
panel  truss  the  distance  between  anchorages  should  be  divided 
into  three  equal  parts  by  the  struts.  Probably  the  chief  reason 
that  trusses  are  now  seldom  used  on  motor  trucks  is  that  the 
bodies  of  these  trucks  usually  overhang  the  rear  axles  to  such  an 
extent  that  the  bending  stress  in  the  frame  directly  over  the  rear 
axle  is  as  great  as  at  the  point  of  maximum  bending  moment  be- 
tween axles.  Trusses,  of  course,  are  of  particular  value  in 
vehicles  of  very  long  wheel  base  and  with  comparatively  little 
overhang.  The  best  anchorage  points  are  the  points  at  which 
there  is  no  bending  moment,  which  is  some  distance  inside  the 
axles. 

The  tension  in  the  truss  rod  and  the  compression  in  the  strut 
can  be  easily  calculated.  Suppose  that  the  load  on  the  frame  be- 
tween the  points  of  anchorage  is  evenly  distributed  and  that  the 
truss  is  so  adjusted  that  it  relieves  the  frame  at  the  point  where 
the  strut  is  secured  to  it  of  all  bending  stress.  Then  (Fig.  303) 
calling  the  total  weight  on  the  frame  between  truss  anchorage  W, 

the  compression  on  the  strut  is  —  and  the  tension  in  each  truss 

2 

rod  IS  — -  sin  a.    Since  the  load  on  the  tniss  is  a  dsmamic  one, 

4 


YiQ,  303.— Diagram  of  Fkame  Truss. 
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a  safety  factor  of  at  least  8  should  be 
allowed  in  both  the  truss  rod  and  the  strut 
The  stress  on  the  strut  depends  merely 
upon  the  weight  carried  by  the  frame,  but 
the  tension  in  the  rods  is  less  the  greater 
the  height  of  the  strut  or  struts  and  the 
shorter  the  length  of  the  end  panels. 

Some  means  of  adjustment  must  be  pro- 
vided. Either  tlie  ends  of  the  truss  rods 
may  be  threaded  and  provided  with  nuts; 
a  turnbuckle  may  be  inserted  in  one-half 
of  the  truss  rod,  or  the  strut  may  be  so  ar- 
ranged that  it  can  be  lengthened  or  short- 
ened. Fig.  304  illustrates  a  design  of 
trussed  frame  for  a  motor  truck. 

Spring  Brackets— The  chassis  frame  is 
carried  on  the  springs  through  the  in- 
termediary of  spring  brackets.  At  the 
front  semi-elliptic  springs  are  used,  as  a 
rule,  which  require  a  bracket  at  either 
end.  The  forward  bracket  is  generally 
made  in  the  form  shown  in  Fig.  305.  It 
fits  into  the  downwardly  curved  forward 
end  of  the  frame  channel  to  which  it  is  se- 
cured by  one  rivet  in  the  vertical  plane  at 
the  extreme  forward  end  of  the  channel, 
and  three  or  more  horizontal  rivets.  In 
the  cheaper  cars  and  in  commercial  vehi- 
cles this  bracket  is  usually  made  in  the 
form  of  a  plain  forked  connector,  but  in 
the  design  illustrated  the  spring  eye  is 
surrounded  by  a  shroud  which  extends  a 
little  below  the  axis  of  the  spring  bolt  and 
completely  encloses  the  spring  eye.  This 
makes  for  a  neater  appearance  than  an  open 
forked  bracket.  The  eye  bolt  can  be  held 
from  rotating  in  the  bracket  either  by  a 
small  pin  extending  into  its  head  from 
underneath  and  into  the  prong  of  the  fork, 
or  by  a  small  key. 

The  rear  ends  of  siemi-elliptic  front 
springs  are  connected  to  the  frame  brackets 
by  shackles,  and  these  shackles  may  work 
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Fig.  305.— Front  Spring  Front  Bracket. 

either  under  compression  or  under  tension,  the  brackets  being 
designed  accordingly.  Simplicity  of  construction  is  in  favor  of 
shackles  under  compression,  and  these  are  now  generally  used, 
even  on  the  most  expensive  cars.  Fig.  306  shows  two  forms  of 
front  spring  rear  brackets  for  shackles  working  under  compres- 
sion. That  shown  at  A  does  not  require  any  rivets  through  the 
frame  rail,  and  therefore  may  be  considered  the  better  construc- 
tion, although  at  this  point  of  the  frame  rail  the  strain  on  the 
material  usually  is  not  very  great 

The  rear  springs  at  their  front  end  are  either  pivoted  or 
shackled  to  their  brackets.  Two  designs  of  brackets  for  this  part 
of  the  car  are  illustrated  in  Fig.  307.  The  one  shown  at  /4  is  a 
plain  fork  and  is  secured  to  the  frame  by  three  rivets,  one  of 
which  passes  through  the  lower  flange.  The  design  shown  at  B 
is  of  the  shrouded  type,  which  gives  a  somewhat  neater  appear- 
ance if  the  front  end  of  the  rear  spring  is  exposed  to  view. 


Fig.  306. — Front  Spring   Rear  Brackets. 
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Generally,  however,  it  is  covered  with  a  shield,  and  an  open  type 
of  bracket  is  used. 

The  bracket  for  the  rear  spring  front  end  is  sometimes  com- 
bined with  a  bearing  for  the  brake  shaft  and  also  with  a  bracket 
for  the  forward  end  of  the  radius  rod.  For  instance,  the  bracket 
may  be  made  with  a  hollow  stud  surrounded  by  the  hub  part  of  a 
shackle  forging,  and  the  brake  shaft  extend  tiirough  the  hollow 
stud. 

If  semi-elliptic  springs  are  used  at  the  rear— a  now  rather  rare 
practice  as  far  as  pleasure  cars  are  concerned — the  frame  rail 
may  be  curved  downwardly,  the  same  as  in  front,  and  provided 


Fig.  307.— Rear  Spring  Front  Brackets. 

with  a  bracket  similar  to  that  shown  in  Fig.  305.  A  bar  is  then 
run  through  the  eyes  of  the  bracket  on  opposite  sides  of  the 
frame,  whose  ends,  somewhat  reduced  in  diameter,  serve  as  the 
spring  shackle  bolts.  This  practice  is  more  or  less  prevalent  in 
Europe.  An  alternate  construction  consists  in  the  use  of  long 
spring  brackets  of  the  general  form  shown  in  Fig.  308  at  A, 
Brackets  of  this  type  are  riveted  to  the  bottom  flanges  of  the 
side  rail  aild  rear  cross  member  and  also  to  the  web  of  the  latter. 
The  short  members  of  three-quarter  elliptic  springs  may  be 
secured  by  bolts  or  clips  to  brackets  riveted  to  the  side  rails  near 
their  rear  ends,  or  may  be  clamped  between  extensions  of  the 
flanges  of  the  rear  cross  member,  as  illustrated  in  Fig.  308  at  B. 
In  the  design  shown  the  spring  plate  has  three  holes  drilled 
through  it,  the  forward  one  of  which  is  for  the  usual  spring 
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centre  bolt,  which  holds  the  leaves  together,  and  the  outer  two 
of  which  are  for  damp  bolts.  Five  bolts  are  used  by  some  de- 
signers. At  C  in  Fig.  308  is  shown  a  bracket  for  the  cross  mem- 
ber of  platform  springs  which  is  riveted  to  the  rear  cross  member 


Fig.  30& — Rear  Spring   Rear  Brackets. 

of  the  frame.  In  order  to  prevent  twisting  of  this  frame  mem- 
ber it  is  well  to  run  diagonal  braces  from  the  side  rails  to  the 
middle  of  the  rear  cross  members,  as  shown.  French  designers 
usually  make  this  bracket  of  an  inverted  box  shape,  which  gives 
it  a  neater  form  but  interferes  with  riveting  at  the  centre  of 
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the  base.  Sometimes  this  bracket  is  of  considerably  greater 
length  than  here  illustrated,  while  one  designer  dispenses  with 
it  by  giving  the  frame  rear  cross  member  a  rearward  curve 
at  the  middle  and  clips  the  spring  to  it  directly. 

Spring  brackets  for  motor  trucks  differ  from  those  for  pleasure 
cars  on  account  of  the  difference  in  frame  construction  and  be- 
cause neat  appearance  is  not  such  an  important  factor.  Fig.  jog 
illustrates  two  designs  of  truck  spring  brackets.  That  shown  at 
A  is  SL  front  bracket  and  is  riveted  to  the  front  comer  of  the 
frame.  However,  the  tendency  in  American  design  is  to  have 
the  frame  overhang  the  springs  in  front,  so  the  bracket  comes 


j^    ^^   y^ 


Fig.  309. — Motor  Truck  Spring  Brackets. 

underneath  the  frame.  A  bracket  of  the  type  shown  at  B  is  used 
at  the  rear  end  of  the  front  springs  and  also  at  the  shackled  end 
or  ends  of  the  rear  springs. 

Radiator  Brackets — Radiators  may  be  secured  either  to  the 
front  cross  member  or  to  the  side  rails.  Owing  to  their  rela- 
tively frail  construction  it  is  desirable  that  they  be  so  supported 
that  distortion  of  the  frame  will  not  strain  them  seriously.  The 
simplest  arrangement  consists  in  securing  brackets  to  the  sides 
of  the  radiator  which  are  bolted  down  to  the  top  flange  of  the 
side  rails  (A,  Fig.  310).  This,  of  course,  does  not  protect  the 
radiator  against  frame  distortion.  A  better  plan  consists  in  pro- 
viding the  radiator  with  trunnions  which  are  supported  in  bear- 
ings secured  to  the  frame  rail  (B,  Fig.  310).    The  top  then  ts 
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braced  or  steadied  by  the  water  return  pipe  to  the  top  of  the 
engine  and  sometimes  by  a  rod  connecting  to  the  dashboard. 
Still  greater  protection  against  frame  distortion  can  be  secured 
by  slipping  bushings  with  spherical  seats  over  the  trunnions. 

In  the  case  of  commercial  vehicles  special  precautions  have  to  be 
taken  in  designing  the  support  for  the  radiator.  It  must  be  pro- 
tected from  both  road  vibration  and  strains  due  to  distortion  of 
the  frame.  'The  radiator  is  insulated  against  road  vibration  by 
supporting  it  from  the  frame  through  the  intermediary  of  springs, 
coiled  compression  springs  being  generally  employed  and  flat 
springs  in  some  instances.  Strains  due  to  distortion  of  the  frame 
are  guarded  against  by  flexibly  supporting  the  radiator  at  three 
points.    It  is  carried  upon  springs  on  opposite  sides,  and  either 


Fig.  310.— Radiator  Brackets. 

the  top  or  the  bottom  is  braced  by  a  rod  to  some  part  of  the 
frame  or  body.  Sometimes  this  brace  is  also  spring  cushioned. 
Fig.  311  illustrates  the  Dayton  truck  radiator  support  which  pro- 
tects the  radiator  against  both  frame  distortion  and  road  vibra- 
tion, the  radiator  being  hung  on  coiled  springs  by  brackets  se- 
cured to  the  front  of  the  engine  housing. 

Fig.  312  illustrates  a  bracket  used  for  flexibly  supporting  the 
gear  box,  engine  or  unit  power  plant  at  three  points.  It  is  se- 
cured to  a  frame  member  by  three  bolts  and  is  provided  with  a 
forked  connection  which  joins  by  a  pivot  bolt  to  a  lug  on  the  part 
to  be  supported.  This  arrangement  affords  a  universal  support, 
which  protects  the  supported  part  against  any  distortion  of  the 
frame. 

Truck  Bamperi— Motor  truck  frames  generally  are  provided 
with  a  bumper  in  front  which  will  receive  the  shock  of  a  collision 
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Fig.  311.— Truck  Radiator  Support. 


Top  View. 


Side    View. 


Fig.  312.— Universal  Bracket  for  Three  Point  Suspension. 
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and  transfer  it  directly  to  the  frame,  thus  protecting  frail  parts  at 
the  front  of  the  car,  such  as  lamps,  radiator,  etc.  These  bump- 
ers are  made  in  many  different  forms.  One  manufacturer  bends 
the  frame  side  rails  inward  in  a  curve  so  they  meet  at  the  middle 
of  the  car  where  they  are  joined  together  by  a  plate  riveted  to 
them.  Another  uses  a  sort  of  arch  formed  of  angle  iron  which 
is  riveted  to  the  side  frame  rails.  In  Fig.  313  is  shown  k  tubular 
bumper  carried  by  brackets  extending  forward  from  the  frame 
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Fig.  313.— Truck  Bumper. 


Fig.  314.— Fender  Brackets. 

side  rails.  It  is  desirable  that  no  part  of  the  truck  project  ahead 
of  the  bumper,  and  for  this  reason  the  engine  starting  crank  is 
often  hinged  so  it  can  be  swung  out  of  the  way. 

The  brackets  supporting  the  front  fenders  should  preferably 
be  secured  to  the  frame  in  such  a  manner  that  the  fenders  caii 
be  quickly  removed,  for  the  reason  that  the  latter  generally  inter- 
fere considerably  with  any  important  work  on  the  engine.  A 
method  of  securing  the  brackets  which  insures  this  quick  re- 
moval is  illustrated  in  Fig.  314.  A  small  bracket  is  reamed  with 
a  taper  hole  to  receive  the  fender  hanger.    It  is  apparent  that 
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with  a  bracket  of  this  kind  the  fender  can  be  quickly  taken  off. 
The  isame  type  of  bracket  may  be  used  for  the  searchlight,  and, 
in  an  inverted  position  for  the  running  board  hangers.  Rear 
fender  brackets  are  generally  riveted  to  the  frame,  but  can  be 
made  detachable  at  very  little  extra  expense.  The  design  for 
such  a  detachable  bracket  is  also  shown  in  Fig.  314.  Fender 
irons  often  are  bolted  to  lugs  formed  on  radiator  or  spring 
brackets. 

Fig.  315  illustrates  a  design  of  step  or  runnmg  board  hanger 
of  which  it  is  customary  to  use  three  on  each  side  in  pleasure 
cars  and  two  in  trucks.  This  hanger  is  drop  forged,  and  in  its 
detign  it  is  endeavored  to  use  a  cross  section  which  will  give  the 


315.— Step  Hanger. 


greatest  strength  for  a  certain  weight.  The  section  is  substan- 
tially rhomboidal,  of  a  considerably  greater  dimension  in  the  di- 
rection across  the  vehicle  than  parallel  to  it,  the  sides  being  in- 
clined to  allow  for  the  necessary  draft  With  the  outer  edge  of 
the  running  board  at,  say,  15  inches  from  the  frame,  the  substan- 
tially vertical  part  of  the  hanger  should  have  a  section  modulus 
of  at  least  0.06,  if  drop  forged.  That  part  underneath  the  board 
can  be  tapered,  and  its  form  will  depend  somewhat  on  the  method 
used  for  securing  the  running  board  to  it.  Step  hangers  are  also 
made  of  pressed  steel. 

Starting  Crank  Bracket^In  many  cars  the  bracket  for  the 
engine  starting  crank  is  secured  to  the  frame  front  cross  mem- 
ber, as  illustrated  in  Fig.  316.  Instead  of  the  hub  of  the  bracket 
being  on  the  under  side  of  the  cross  member  it  may  be  so  located 
that  the  shank  of  the  starting  crank  has  to  pass  through  a  hole 
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Fig.  316. — Starting  Crank  Bracket. 


in  the  cross  member,  the  bracket  being  riveted  to  the  web  of  the 
channel  either  in.  front  or  in  the  back.  The  crank  and  bracket 
show  provisions  made  for  automatically  holding  the  former  in 
the  upright  position  when  disengaged. 

Lamp  Brackets — Of  the  different  lamps  carried  on  an  auto- 
mobile the  head  and  tail  lights  are  usually  supported  by  brackets 
secured  to  the  frame.  Fig.  317  shows  two  designs  of  head  light 
brackets  and  one  tail  light  bracket  At  A  is  shown  a  drop 
forged  bracket  which  fits  with  a  taper  joint  into  a  bracket  riveted 


Fig.  317.— Lamp  Brackets. 
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to  the  frame  side  rail  One  designer  places  the  frame  bracket 
inside  the  channel,  passing  the  shank  of  the  lamp  bracket  through 
a  hole  in  the  top  flange,  which  makes  for  neat  appearance.  In 
the  headlight  bracket  design  shown  at  B  the  prongs  are  bolted  to 
the  shank,  which  makes  the  distance  between  prongs  adjustable. 
A  standard  for  the  distance  between  the  centres  of  the  prongs  of 
headlight  brackets  was  at  one  time  adopted  by  the  National  Asso- 
ciation of  Automobile  Manufacturers,  but  has  fallen  into  disuse, 
the  measurement  now  ranging  from  about  7}4  inches  to  ii  inches, 
according  to  the  size  of  the  lamp.  Brackets  of  large  size  head- 
lights usually  have  to  be  cross  braced  to  reduce  vibration. 

In  addition  to  the  brackets  described,  others  are  sometimes 
secured  to  the  frame  for  supporting  the  fuel  tank,  the  mufiler^  etc. 
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Automobile  frames  are  supported  on  the  axles  through  the  in- 
termediary of  steel  springs.  Leaf  springs,  built  up  of  a  number 
of  leaves  or  plates  of  different  lengths,  are  used  almost  exclusive- 
ly, though  coiled  springs  have  been  used  on  low  priced  cars. 

Classification  of  Springs — ^The  simplest  form  of  automobile 
spring  is  the  half  elliptic  spring  illustrated  in  Fig.  318  at  A.  It 
is  made  up  of  one  master  leaf  whose  ends  are  formed  into  an  eye 
for  connection  to  the  spring  brackets  or  shackles,  and  a  number 
of  shorter  leaves,  the  lengths  of  the  leaves  decreasing  uniformly 
with  their  distance  from  the  master  leaf,  except  that  in  springs 
for  heavy  loads  the  leaf  or  leaves  nearest  the  master  leaf  some- 
times extend  to  the  ends  of  the  latter  and  even  enwrap  the 
spring  eyes.  The  various  leaves  of  a  spring  are  held  together 
by  a  centre  bolt 

All  other  types  of  springs  are  made  up  wholly  or  in  part  of 
half  elliptic  springs.  At  B,  Fig.  318,  is  shown  the  three-quarter 
elliptic  spring,  which  consists  of  a  quarter  elliptic  top  member  and 
a  half  elliptic  bottom  member,  the  two  members  being  joined  by  a 
bolt  at  one  end.  At  C  is  shown  the  elliptic  spring,  consisting  of 
half  elliptic  top  and  bottom  members  which  are  joined  by  bolts  at 
both  ends.  D  shows  the  three-quarter  scroll  elliptic,  consisting  of 
a  quarter  elliptic  scroll  top  member  and  a  half  elliptic  bottom 
member,  joined  by  shackles  at  one  end.  E  shows  the  scroll  el- 
liptic (one  end)  spring,  consisting  of  a  half  elliptic  top  member 
with  a  scroll  at  one  end  and  a  half  elliptic  bottom  member,  joined 
at  one  end  by  a  bolt  and  at  the  other  by  shackles.  The  spring 
shown  at  F  is  known  as  the  scroll  elliptic  (both  ends) ;  it  con- 
sists of  a  half  elliptic  top  member  with  scrolls  at  both  ends  and  a 
half  elliptic  bottom  member,  the  two  being  joined  by  shackles  at 
both  ends.  At  G,  Fig.  319,  is  shown  a  platform  spring  (three 
point  suspension),  which  consists  of  two  half  elliptic  side  mem- 
bers and  one  half  elliptic  cross  member,  the  side  members  being 
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Fig.  318.— Body  Spring  Types. 
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joined  to  the  cross  member  by  shackles.  At  H  is  shown  a  three- 
quarter  elliptic  platform  spring  consisting  of  two  three-quarter 
elliptic  side  members  and  one  half  elliptic  cross  member,  the  side 
members  being  joined  to  the  cross  members  by  shackles.  /  shows 
an  auxiliary  spring  consisting  of  a  half  elliptic  spring  with  plain 
ends. 


Fig.  319.— -Body  Spring  Types. 

The  following  tabulation  shows  the  proportional  representation 
of  the  different  types  of  springs  at  the  1912  New  York  shows : 

PLEASURE   CAR   FRONT  SP^IINGS. 

Per  Cent. 

Half    elliptic 95 

Full   elliptic 5 
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PLEASURE  CAR  REAR  SPRINGS. 

Half    elliptic 12 

Three-quarter    elliptic 68 

Full    elliptic 14 

Platform    springs 6 

MOTOR  TRUCK  FRONT  SPRINGS. 

Half    elliptic 89 

Full    elliptic !• 

Three-quarter    elliptic i 

MOTOR   TRUCK   REAR    SPRINGS. 

Half    elliptic 78 

Full   elliptic xo 

Platform    22 

Spring  Material. — The  common  spring  material  which  has 
long  been  used  for  carriage  and  railway  springs  is  a  carbon  steel 
containing  about  i  per  cent,  of  carbon.  The  S.  A.  E.  specifica- 
tions for  this  carbon  spring  steel  are  as  follows : 

0.95  CARBON  STEEL. 

Carbon    0.90101.05%  (0.95%  desired) 

Manganese     0.25  to  0.50%  (0.35%  desired) 

Silicon     o.  10  to  0.30% 

Phosphorus,    not    over 0.035% 

Sulphur*   not   over 0.035% 

The  natural  sources  of  the  above  steel  are  the  basic  open 
hearth,  crucible  and  electric  furnace.  This  grade  of  spring  stcd 
is  suited  for  the  most  important  springs,  as  with  proper  heat 
treatment  it  will  give  very  good  results.  The  heat  treatment  of 
the  spring  plates  after  they  are  worked  to  shape  consists  in 
quenching  in  oil  at  a  temperature  of  about  1,400  deg^'ees  Fahr., 
reheating  to  about  500  degrees  Fahr.  and  cooling  slowly.  The 
temperatures  are  given  for  purposes  of  illustration  only.  The 
physical  qualities  of  the  completed  spring  will  greatly  depend 
upon  them,  and  the  best  quenching  and  reheating  temperatures 
are  usually  worked  out  by  experiment  in  each  shop. 

The  carbon  steel  above  specified  when  tempered  will  have  the 
following  physical  properties,  according  to  the  heat  treatment: 

Tensile    strength 120,000  to  180,000  lbs.  per  sq.  in. 

Elastic    limit 70,000  to   95,000  lbs.  per  sq.  in. 

Elongation   in    2   inches 9  to  10% 

Reduction   of  area ; 14  to  16% 

Besides  carbon  steel,  chrome-nickel  steel,  chrome-vanadium 
steel  and  silico  maiiganese  steel  are  used  in  the  manufacture  of 
springs.  The  S.  A.  £.  specifications  of  silico  manganese  spring 
steel  are  as  follows: 
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SILICO-MANGANESE  ST££L. 

Carbon     0.45  to  0.55%  (0.50%  desired) 

Manganese    o. 60  to  0.80%  (o. 70%  desired) 

Silicon    1.90  to  2.20%  (a%  desired) 

Phosphorus,  not  over 0.04% 

Sulphur,  not  over 0.04% 

The  following  heat  treatment  will  probably  give  good  results: 
Heat  to  i,6oo-i|750  degrees  Fahr.,  quench,  reheat  to  about  800 
degrees  Fahr.  and  cool  slowly.  The  best  reheating  temperature 
should  be  carefully  determined  by  experiment.  The  elastic  limit 
will  be  about  150,000  pounds  per  square  inch. 

Krupp's  silico  manganese  spring  steel  is  claimed  to  have  the 
following  physical  properties  when  spring  tempered: 

Tensile    strength 250,000  to  255,000  lbs.  per  sq.  in. 

Elastic    limit 206,000  lbs.  per  sq.  in. 

Elongation   3*5% 

Chrome  nickel  and  chrome  vanadium  steels  vary  in  composi- 
tion and  different  heat  treatments  result  in  different  physical 

L        ^ 

Fig.  320. 

qualities,  but  either  steel  properly  spring  tempered  should  have 
an  elastic  limit  upward  of  150,000  pounds  per  square  inch. 

Theory  of  Leaf  Springi— The  simplest  form  of  leaf  spring 
is  that  containing  only  a  single  leaf.  Such  a  spring  may  be  con- 
sidered either  as  two  cantilever  beams  loaded  at  their  ends  or  as 
a  simple  beam  loaded  at  the  middle.  F-ig.  320  represents  such  a 
spring  in  diagram.  If  we  consider  each  half  of  the  spring  as  a 
cantilever  and  denote  the  load  on  one  end  of  the  spring  by  P,  the 
half  length  of  the  spring  by  /,  the  width  by  6,  the  thickness  by  / 
and  the  coefficient  of  elasticity  by  E,  we  have  for  the  deflection  of 
the  end  of  the  spring 

Z     EI  -Ebfi 
(See  cantilever  beams  in   any  textbook  on  mechanics.)     The 
bending  moment  at  any  distance  x  from  the  end  of  the  spring  is 
P  X  and  the  stress  in  the  material  at  that  point  is 

6Px 
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Hence,  with  a  single  leaf  of  uniform  section  over  its  whole 
length  the  stress  due  to  the  bending  moment  varies  from  nothing 
at  the  end  to  a  maximum  at  the  middle  of  the  spring.  There- 
fore, if  a  single  uniform  section  leaf  were  used  the  material 
would  be  very  poorly  utilized,  and  one  of  the  objects  in  using 
a  multiple  leaf  spring  is  to  make  the  stress  substantially  uniform 
in  all  parts  of  the  spring.  Now  suppose  we  took  a  number  of 
equal  leaves  and  assembled  them  as  shown  in  Fig.  321.  Then, 
if  loads  were  applied  to  the  top  leaf,  all  of  the  leaves  would  be 
deflected  the  same  amount  If  there  are  n  leaves  the  deflection 
would  be  the  same  as  in  the  case  of  a  single  leaf  subjected  to  a 

p 
load  — .  Therefore  the  deflection  of  a  spring  like  that  shown  in 

n 

Fig.  321  should  be 


Enbt* 


However,  in  a  multiple  leaf  spring  there  can  be  no  deflection 
without  one  leaf  sliding  over  another,  which  introduces  the  factor 
of  friction.  As  a  leaf  of  the  spring  deflects  there  are  two  forces 
at  work,  viz.,  the  force  due  to  the  load  P  carried,  and  the  force 
due  to  the  internal  strains.  The  former  force  is  constant,  but  the 
latter  increase  from  nothing  at  the  moment  the  deflection  begins 
to  the  value  of  the  former  when  it  attains  its  maximum  (in  a 
single  leaf  spring).  In  a  multiple  leaf  spring  the  friction  between 
leaves  is  opposed  to  the  deflection  and,  therefore,  assists  the  in- 
ternal forces  or  those  due  to  the  strains  in  the  material.  While 
the  spring  is  deflecting  the  difference  between  the  force  due  to 
the  load  on  the  spring  and  that  due  to  the  internal  strain  is 
available  for  overcoming  the  frictional  resistance,  and  it  is  ob- 
vious that  when  this  difference  becomes  equal  to  the  frictional 
force  the  deflection  ceases.  Hence  the  deflection  will  be  re- 
duced and  an  allowance  must  be  made  for  leaf  friction.  This 
reduction  varies  with  the  number  of  leaves,  but  the  allowance 
may  be  placed  at  15  per  cent,  for  practical  cases. 
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In  an  actual  vehicle  spring  the  leaves  are  of  gradually  decreas- 
ing lengths,  and  since  the  outer  end  of  any  leaf  is  not  supported 
by  leaves  below  it,  the  deflection  will  be  greater  than  in  a  spring 
of  the  form  shown  in  Fig.  321.  Reuleaux  has  calculated  that  if 
the  lengths  of  springs  decrease  uniformly,  as  in  Fig.  322,  the 
multiplying  factor  will  be  1.5.  That  is,  a  spring  of  the  type 
shown  in  Fig.  322  will  deflect  50  per  cent,  more  for  a  given  load 
than  a  spring  of  the  type  shown  in  Fig.  321,  both  being  of  the 
same  dimensions.  However,  in  automobile  springs  the  second 
leaf  often  extends  out  as  far  as  the  centre  of  the  spring  eye,  and 
in  heavy  motor  truck  springs  even  two  or  three  leaves  support 
the  main  leaf  at  the  eyes,  in  which  case  the  multiplying  factor  is 
smaller.  From  the  value  of  this  factor  for  the  extreme  cases, 
Figs.  321  and  322,  viz.,  i  and  1.5,  its  value  for  any  intermediate 
case  can  be  closely  approximated.  For  commercial  springs  it 
probably  never  drops  below  1.25.    Hence,  taking  1.25  and  1.5  as 


Fig.  322. 

the  extreme  values  of  this  factor  in  actual  practice,  and  taking 
into  account  the  effects  of  both  shortening  of  the  leaves  and  of 
friction  between  them,  we  have  for  the  deflection  of  vehicle  leaf 
springs 

^(1.25  to  1.5)  (I— 0.15)  aP^ 

Enb^ 
which  may  be  simplified  to  read 

,^(4^J^^. <7^) 

The  larger  coefficient  is  to  be  used  when  the  length  of  any  leaf  is 
less  than  that  of  the  preceding  one  by  —  ;  the  smaller  if  several 

of  the  longer  leaves  are  substantially  equal  in  effective  length. 

Equation  (76}  covers  the  case  of  a  spring  with  leaves  of  equal 
thickness.    If  the  thickness  /  differs  we  may  substitute  for  n  /*  in 

the  denominator,  /,'  +  V  +  /»' tn\orZt\ 

which  gives 

rf  =  li^5i£lJ_^' (    ) 
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The  bending  moment  at  the  middle  of  the  spring  is  equal  to 
PL    In  a  spring  having  n  leaves  of  equal  thickness  t,  this  bending 

moment  is  equally  divided  and  that  on  each  leaf  is Since 

n 

the  section  modulus  of  the  leaf  is  — ,  the  unit  stress .  is 

6 

6 
If  we  divide  the  elastic  limit  of  the  material  by  this  stress  we  ob- 
tain the  factor  of  safety,  which  in  well  designed  springs  is  usually 
between  2.75  and  3.  Therefore,  calling  the  elastic  limit  of  the 
spring  material  L,  the  maximum  safe  load  on  the  spring  with 
a  safety  factor  of  3, 

f»'=^''^, (78> 

10.5   / 

In  case  the  leaves  are  of  unequal  thickness  we  can  calculate  the 
strain  in  each  from  the  fact  that  the  elastic  curves  of  all  leaves 
at  the  middle  must  be  alike.  Under  these  conditions  the  moment 
coming  on  each  leaf  is  proportional  to  its  moment  of  inertia. 
The  bending  moment  on  the  heaviest  leaf  (of  moment  of  inertia 
/)  then  will  be 

and  the  unit  stress  in  this  leaf  will  be 

S  =  ^=^_Plh ; (79) 

In  the  design  of  the  springs  the  designer  has  to  deal  with  a 
considerable  number  of  variable  factors,  viz.,  the  length,  width, 
thickness  and  number  of  leaves,  and  the  elastic  limit  of  the  ma- 
terial. Of  these  the  first  two  are  generally  determined  by  em- 
pirical rules  based  upon  experience.  Longer  springs  make  for 
an  easier  riding  car,  because  with  a  greater  length  a  g^'^ter  de- 
flection can  be  obtained  for  a  given  change  in  load  without  in- 
creasing the  stress  in  the  material.  Thus,  the  stress  will  remain 
the  same  if 

and  under  these  conditions 
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The  usual  lengths  of  different  kinds  of  front  and  rear  springs  in 

pleasure  cars  are  given   in   the  following  table  taken   from  a 

book  on  Leaf  Springs,  compiled  by  David  Landau,  and  published 

by  the  Sheldon  Spring  and  Axle  Co.    The  loads  referred  to  in 

the  table  are  those  which  the  springs  will  carry  when  the  car 

is  loaded  with  its  rated  number  of  passengers,  and  the  lengths 

are  those  which  the  springs  will  have  when  so  loaded. 

TABLE  XI— PLEASURE   CAR   SPRINGS. 

Front  Spring^  Ssmx-Ellxptic. 

Load  on  One  Spring,                                              Length,  Width. 

Pounds.                                                          Inches.  Inches. 

350  to    400    33     to  34  iH 

400  to     500   35     to  36  iH 

500  to    sso   36     to  37H  iH 

600  to    800  37^  to  40  a 

800  to  1,100   40     to  4s  2yi 

Rbak  Halt  Elliptic  Spihtcs. 

Load  on  One  Spring,                                              Length,  Width, 

Pounds.                                                          Inches.  Inches. 

450  to     550   46     to  48  iH 

450  to    650   49      to  50  2 

700  to    850   51      to  5a  2 

900  to  1,000   $2     to  55  2)4 

1,000  to  X, 3 so 55     to  57  a^ 

1,350  to  1,550   57      to  60  2^  to  aH 

RsAS  Sfrxncs,  Thesb-quarter  Elliptic. 

Semi-Elliptic        Length  of  Scroll 
Load  on  One  Spring,  Element,  (Link  to  Bolt).     Width* 

Pounds.                                  Inches.                    Inches.  Inches. 

450  to    500 45     to  47               18     to  19  1^ 

500  to    650    47     to  49              18     to  19  x94 

650  to    775    47Ht0  5i}^           19H  to  22  a 

775  to    900    51 H  to  52              22  j<$  to  23  2      to  2^ 

900  to  x,ooo   5E^  to  53$^          23     to  24  2     to  ajij 

1,000  to  1,150 53 H  to  54              24      to  25  2      to  2^ 

1,150  to  1,250  54      to  54H           25     to  25H  »     to  2H 

1,250  to  1,350 54^  to  55              255^  to  26  2      to  2 $4 

1,350  to  1,450  55     to  56              26     to  26H  aH  to  2)4 

1,450  to  1,550 56     to  58              26H  to  27  2)4  to  2)4 

i>550  to  1,650 58      to  60               27      to  27^^  2)4  to  2)4 

Full  Elliptic  Springs. 

Load  on  One  Spring,                                                   Length.  Width. 

Pounds.                                                               Inches  Inches. 

500  to     700    35  iH 

800   36  2 

i»ooo    37  a)4 

MOO    39  a>4 

i.aoo    41  a)i 

«»300    * 43  »}i 

1.400    44  aH 

1.500    45  aVi 

1,600    46  2^ 
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THRBX-QUAmTBs  Platfosm  Spsings. 
Load  on  Length  of  Length  of 

One  Side  Spring,                       Side  Spring,        CroM  Spring,  Width, 

Pounds.                                 Inches.                 Inches.  InchesL 

500  to     550    45     to  47              39J<  i^ 

6oo  to    700  47     to  49              39^  i^ 

900    51      to  S3              39^  to  40  s      to  mH 

i.ooo    53     to  55              39)^  to  40  2H 

i»ioo    55      to  57              39^  to  40  aH 

i»aoo    57                           40  2J( 

i»300    57J4                       40  aji 

1.400    58                         40  »yi 

1,500    sW                       40  »ji 

The  author  has  compiled  the  following  figures  on  the  average 
lengths  and  widths  of  springs  used  on  motor  trucks : 

TABLE  XII— MOTOR  TRUCK  SPRINGS. 

FftONT  Spungs,  HAI.P  Elliptic. 

Load  Capacity,                                                   Length,  Width, 

Tons.                                                        Inches.  Inches. 

9i    38  to  40  a 

1    • 38  to  40  aH 

iH    40  to  42  ayi 

a    42  to  44  a>i 

3    44  to  46  a)4  to  3 

4    4^  to  48  3 

5    48  to  50  3 

Rbab  Spmngs,  Half  Eluftzc. 

Load  Capacity,                                                 Length,  Vfidth^ 

Tons.                                                        Inches.  Inches. 

H    48  to  53  a 

I    48  to  5a  aX 

iH    50  to  53  »H 

a    50  to  53  aj4 

3    5a  to  54  3 

4    5a  to  55  3 

5    54  to  56  3J< 

Platform  Spbings,   Side  Mkmbsss. 

Load  Capacity,                                                   Length,  Width, 

Tons.                                                          Inches.  Inches. 

H    44  to  48  a 

I    44  to  48  aJi 

iH    46  to  48  aH 

a    46  to  49  »H 

3    48  to  50  3 

4    48  to  51  3 

5   50  to  5a  3J4 

Width  and  Thickness  of  Leaves — It  has  long  been  custom- 
ary to  make  spring  plates  according  to  the  Birmingham  or  Stubb's 
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gauge,  and  the  following  table  gives  the  sizes  employed,  together 
with  the  cubes  of  the  thickness,  for  convenience  in  calculating  de- 
flections and  maximum  safe  loads : 

No.  Thlcknesi  (Inch).  1* 

00    0.380  0.0549 

o    0.340  0.0393 

«    0.300  o.oa/o 

2    o . 384  o . 0339 

3    0.359  0.0174 

4    0.338  0.0x35 

5    0.330  0.0x06 

6    0.303  0.0084 

Owing  to  the  non-uniform  variations  in  thickness  in  the  Stubb's 
gauge  some  manufacturers  are  having  plates  rolled  varying  in 
thirty-seconds  of  an  inch. 

Thidmcn  (Inch).  <* 

0.375 0.0537 

0.344    0.0407 

0.3x3    0.0304 

0.381      0.0333 

0.350    0.0156 

0.3X9    0.0x05 

0.X87    0.0065 

Spring  plates  are  made  in  the  following  standard  widths :  For 
pleasure  cars:  i^,  i^,  2,  2%  and  2^  inches.  For  commercial: 
2,  2}i,  2j4t  3i  3^.  4  and  4^  inches. 

Flexibility— The  flexibility  is  a  most  important  quality,  as  an 
insufficiently  flexible  spring  makes  the  car  hard  riding,  while  a 
spring  too  flexible  will  cause  the  chassis  frame  to  strike  the  axles 
and  is  liable  to  break.  Spring  makers  rate  or  gauge  springs  by 
the  load  required  to  deflect  them  one  inch.  From  the  automobile 
designer's  standpoint  the  most  important  factor  is  the  deflection 
caused  by  the  maximum  dead  load  the  springs  will  have  to  bear. 
This  total  deflection  should  increase  with  the  length  of  the  spring, 
because,  on  the  one  hand,  long  springs  are  used  on  high  pow- 
ered, luxurious  vehicles  which  are  naturally  expected  to  be  easier 
riding  than  small  cars,  and,  on  the  other  hand,  a  greater  deflec- 
tion can  be  obtained  with  the  larger  springs  without  increasing 
the  stress  in  the  materiaL  Since  the  length,  width,  etc.,  of  the 
springs  are  empirically  chosen,  it  is  obvious  that  there  can  be  no 
rational  relation  between  the  length  of  the  springs  and  their  de- 
flection under  their  maximum  dead  load,  but  data  on  hand  shows 
that  in  practice  the  two  factors  mentioned  vary  substantially  in 
direct  proportion. 
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The  deflection  should  also  increase  somewhat  with  the  elastic 
limit  of  the  material.  Of  course,  If  we  make  two  springs  of  ex- 
actly the  same  dimensions,  the  one  of  ordinary  carbon  spring 
steel  and  the  other  of  alloy  spring  steel,  they  will  deflect  equally 
under  equal  loads,  because  both  steels  have  substantially  the  same 
coefficient  of  elasticity.  But  that  is  not  the  proper  way  to  use 
alloy  steel.  Wherever  alloy  steel  is  substituted  for  carbon  steel — 
except  in  cases  where  the  original  design  proved  far  too  weak — 
the  weight  of  the  part  is  reduced.  Therefore,  with  alloy  steel  in 
place  of  carbon  steel  we  would  use  thinner  leaves,  which  would 
deflect  more.  The  higher  elastic  limit  of  the  alloy  steel  enables 
it  to  withstand  this  higher  deflection.  Viewing  the  subject  from 
another  standpoint,  if  it  were  not  possible  to  secure  better  riding 
qualities  there  would  be  little  object  in  using  alloy  steels  for 
springs.  A  spring  can  be  made  adequately  strong  of  carbon  steel, 
but  designed  mainly  with  a  view  of  strength,  such  a  spring  is  apt 
to  be  rather  hard  riding. 

The  total  deflection  of  a  spring  under  dead  load  may  be  repre- 
sented by  the  equation 
dzzcL, (80) 

where  L  is  the  total  length  of  the  main  member  of  the  spring,  and 
c  a  constant  which  has  different  values  for  the  different  types  of 
springs,  for  springs  in  different  locations  and  for  different  ma- 
terials. The  following  table  gives  the  values  of  c  to  use  for  car- 
bon steel  and  for  alloy  steel  having  an  elastic  limit  of  isofioo 
pounds  per  square  inch  and  upward,  respectively. 

TABLE  XIII— TOTAL  DEFLECTION  CONSTANTS. 

Carbon  Steel.  Alloy  Ste«l. 

Pleasure  car,  half  elliptic  front 0.035  0.045 

Pleasure  car,  half  elliptic  rear 0.075  0.090 

Pleasure  car,  three-quarter  elliptic  rear 0.090  o.xio 

Pleasure  car,  full  elliptic  rear 0.12  o.  14 

Truck,   half  elliptic  rear o. 055  0.065 

Truck,  half  elliptic  front 0.055  0.065 

Truck  platform,  rear 0.075  0.090 

It  will  be  seen  that  the  half  elliptic  front  springs  of  pleasure 
cars  deflect  only  half  as  much  as  the  rear  springs,  in  proportion  to 
their  length,  and  as  they  are  always  considerably  shorter  than  the 
rear  springs  their  range  of  action  is  only  about  one-third  of  the 
latter.  One  reason  for  thus  limiting  the  play  of  the  front  springs 
is  the  desire  to  minimize  its  effect  on  steering.  Another  is  that 
it  permits  of  lowering  the  frame,  since  not  so  much  clearance  be- 
tween frame  and  axle  is  required.    As  regards  the  various  types 
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of  rear  springs,  it  is  obvious  that  the  greater  the  relative  length  of 
the  sprbg  the  greater  the  deflection  under  full  load  can  be  made ; 
that  is,  a  three  quarter  elliptic  or  platform  spring  will  deflect 
more  than  a  half  elliptic,  and  an  elliptic  spring  most  of  all. 

Eccentrated  Springs — The  formulae  for  deflection  and  maxi- 
mum safe  load  developed  in  the  foregoing  apply  directly  only  to 
half  elliptic  springs.  It  is  obvious  that  the  deflection  of  an  elliptic 
spring  under  a  given  load  is  twice  that  of  one  of  its  half  elliptic 
members  under  the  same  load.  In  three  tjuarter  elliptic  and  plat- 
form springs  the  case  is  slightly  more  complicated.  If  the  axle 
were  secured  to  the  middle  of  the  length  of  the  half  elliptic  or 
side  member,  the  ends  of  the  spring  would  deflect  unequally, 
which  would  cause  the  flxle  housing  to  constantly  rock  around  its 
axis  under  the  play  of  the  springs,  or  the  spring  saddle  to  rock 


Fig.  323.— Eccentrated  Three-Quakter  Eluftic  Spring. 

on  the  axle  housing,  both  of  which  are  objectionable.  In  the 
above  case  there  are  two  quarter  elliptic  springs  in  series  on  one 
side  of  the  axle,  while  there  is  only  a  single  quarter  elliptic  on 
the  other  side,  and  the  combined  deflection  of  the  two  quarter 
elliptics  would  be  twice  that  of  the  single  elliptic  In  order  to 
overcome  this  defect,  the  half  elliptic  or  side  spring  is  usually 
"eccentrated;"  that  is,  the  centre  of  its  support  on  the  axle  is  at 
unequal  distances  from  the  spring  eyes.  That  end  of  the  half 
elliptic  or  side  member  which  is  shackled  to  the  frame  must  be 
so  much  longer  than  the  other  end  that  under  a  given  load  it  will 
deflect  as  much  as  the  other  two  quarter  elliptics  together.  The 
proper  amoimt  of  eccentration  can  easily  be  calculated  for  a  three 
quarter  elliptic,  provided  the  two  rear  quarter  elliptics  are  of  equal 
length.  Since  the  width,  thickness  and  number  of  leaves  of  each 
of  the  three  quarter  elliptics  in  Fig.  323  are  the  same  we  have  by 
equation  (76). 
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For  practical  purposes  a  coefficient  of  1.25  would  be  sufficiently 
close,  which  makes  the  two  lengths  as  4  to  5.  If  the  springs  are 
thus  arranged  the  deflection  can  be  calculated  by  assuming  that  the 
longer  end  of  the  half  elliptic  member  carries  one-half  the  total 
load  and  calculating  its  deflection  under  this  load,  which  will  be 
equal  to  the  deflection  of  the  whole  spring.  In  s^platform  spring  the 
length  of  the  cross  member  is  independent  of  that  of  the  side 
member.  In  order  to  find  the  proper  eccentration  for  the  side 
member  of  a  platform  spring  proceed  as  (ollows:  Assume  one- 
quarter  of  the  total  load  on  the  rear  springs  to  be  supported 
by  one-half  of  the  cross  member,  and  by  means  of  equation  (76) 
calculate  its  deflection.  Denote  this  by  d%.  Now,  denoting  the 
deflection  of  the  long  end  of  the  side  member  by  d\  and  that  of 
the  short  end  by  dt,  we  have 

rfi  =  rf,  +  ^ 
According  to  equation  (76). 

Enh^   ~  Enb^      ^ 

5.1/* 
We  also  have 

These  two  simultaneous  equations  can  readily  be  solved  after 
the  arithmetic  values  are  inserted  in  the  right  hand  terms. 

Front  half  elliptic  springs  also  are  sometimes  eccentrated,  the 
object  being  to  increase  the  wheelbase  without  increasing  the 
length  of  the  car. 

Number  and  Thickness  of  Plates — The  deflection  of  a 
cantilever  loaded  at  the  end  is  given  by  the  equation 

J,  EI 
and  the  maximum  stress  in  the  material  of  such  a  lever  is 

__  Wlc      Wit 

^ T  =  1T 

Hence 

and 

2  5/2 


/  = 


3  dE 
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Placing  the  coeiBcicnt  of  elasticity  E  at  28,000,000  this  reduces  to 
c/a 

/=  — ^ ^ (81) 

42,000,000  d 

The  gauge  thickness  closest  to  the  result  obtained  should  then 
be  chosen,  and  if  the  result  should  come  midway  between  the 
thicknesses  of  two  gauge  sizes,  the  length  of  the  spring  could 
be  varied  slightly  and  the  calculation  made  over.  After  /  has 
been  determined  the  necessary  number  of  leaves  may  be  deter- 
mined by  a  transformation  of  equation  (76)  as  follows : 

Equations  (81)  and  (82)  can  be  solved  graphically  by  means 
of  plates  XXVIII  and  XXIX. 

Sample  Calculation^To  illustrate  the  use  of  the  formulx 
derived  in  the  foregoing,  we  will  calculate  the  spring  for  a  five 
passenger  touring  car  in  which  each  of  the  half  elliptic  front 
springs  has  to  carry  650  pounds  and  each  of  the  three  quarter 
elliptic  rear  springs  850  pounds.  From  Table  XI  we  find  the 
proper  size  of  front  springs  to  be  38x2  inches  and  the  proper 
size  of  the  rear  springs,  52  x  2  +  23  x  2  inches. 

We  will  assume  that  an  alloy  spring  steel  of  upward  of  150,000 
pounds  per  square  inch  elastic  limit  is  to  be  used,  so  that  a  stress 
of  50,000  to  60,000  pounds  per  square  inch  can  be  figured  on. 
The  deflection  under  full  load  of  the  front  springs  should  be, 
according  to  equation  (80), 

0.04s  X  38  =  1.71  inches. 
Then,  inserting  values  in  equation  (81)  we  find  for  the  neces- 
sary thickness  of  plates. 

/=      50,000X19'       =0.25  in^A. 
42,000,000  X  1. 71 
Inserting  values  in  equation  (82)   we  get  for  the  number  of 
leaves  required 

n= 5.1X325X19' ^=,^.6 

28,000,000  X  1.71  X  2  X  0.25 
Therefore,  eight  leaves  would  have  to  be  used  and  the  deflection 
and  stress  would  be  slightly  less  than  called  for. 

From  equation  (80)  we  find  the  required  deflection  of  the 
three  quarter  elliptic  rear  springs  to  be 

52x0.11  =  5.72  inches. 
The  long  end  of  the  half  elliptic  member  will  be  52  —  23  =  29 
inches  long.     Inserting  values  in  equation  (81) 

t=      60,000X29'      =:o.2io(.-a>^o.2i9). 
42,000,000  X  5.72 
Inserting  in  equation  (82)  the  number  of  leaves  figures  out  to 
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^-  5-1X425X29' 


28,000,000X5-72X2X0.219' 
Hence  either  nine  or  ten  leaves  should  be  used.     With  nine 
leaves  the  deflection  and  stress  would  be  somewhat  greater  than 
figured  upon — with  ten  leaves  less. 

In  order  that  the  springs  may  be  able  to  protect  the  car  frame 
and  body  from  road  shock,  adequate  clearance  must  be  allowed 
between  the  frame  and  axles.  This  clearance  should  be  slightly 
greater  than  the  total  deflection  of  the  spring  under  dead  load. 
If  the  clearance  is  thus  limited  the  spring  can  never  be  stressed 
to  more  than  a  little  over  twice  its  normal  stress,  so  that  danger 
of  breakage  is  almost  eliminated  if  the  elastic  limit  is  from  2.5 
to  three  times  the  normal  stress.  A  rubber  bumper  is  usually 
attached  to  the  spring  at  the  centre  which  eliminates  shock  if 
the  spring  closes  up  completely. 

Centre  Bolts  and  Centre  Bands — ^The  separate  leaves  of 
leaf  springs  are  held  together  by  means  of  a  centre  bolt  and  nut. 
An  objectionable  feature  of  the  centre  bolt  is  that  it  materially 
weakens  the  spring,  and  breakages  through  the  centre  bolt  holes 
are  not  rare.  Some  spring  makers  have  attempted  to  overcome 
this  defect  by  using  in  place  of  the  centre  bolt  a  pair  of  beads 
formed  on  the  spring  leaf  at  its  centre,  nesting  in  depressions  in 
the  leaf  below.  While  this  does  not  hold  the  leaves  together,  it 
keeps  them  in  their  proper  relative  positions  longitudinally  as 
well,  as  transversely.  However,  the  use  of  centre  bolts  is  well 
nigh  universal  and  the  S.  A.  E.  Standards  Committee  on  Springs 
has  recommended  the  following  sizes  for  these: 


X 


♦-C— J 


Fia  324.— Centre  Bolt. 


Pleasure  cars —  A. 

Inches.  Inches. 

ij^toa    5-16 

aJ4t02j4     H 

Commercial    cars — 

a    5-x6 

2J4  to  aj4     H 

3  to  354    7-16 

4  to  4J4     54 

The  bolts  are  to  have  S.  A.  £.  standard  threads,  and  hexagonal 

nuts  are  usually  employed.    Where  two  beads  or  nibs  arc  used 
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C. 

Inches 

•Inches. 
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y^ 
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the  committee  recommends  that  they  be  made  of  H  inch  diameter 
and  spaced  at  }i  inch  centre  distances. 

Heavy  truck  springs  are  held  together  by  shrunk  centre  bands, 
as  shown  in  Fig.  325.  These  are  made  of  very  soft  iron  and  of 
the  following  dimensions  (according  to  the  Springs  Division  of 
the  S.  A.  K  Standards  Committee)  : 


Fia  325. — Centre  Band. 

Load  Capacity 

of  Truck,  A,  B, 

Tons.  Inches.  Inches. 

154     H  a>4 

2    H  2^ 

3    }i  3 

5 54  3 

Spring  Arch — Spring  leaves  are  made  from  rolled  stock,  and 
after  they  have  been  cut  to  the  right  length  are  tapered  and  bent' 
to  form  an  arc  of  a  circle.  That  is  to  say,  the  majority  of 
springs,  which  are  said  to  have  a  true  sweep,  are  thus  bent;  . 
truck  springs  are  occasionally  given  a  double  sweep,  the  ends 
curving  in  the  opposite  direction  to  the  middle  portion.  The 
difference  between  true  sweep  and  double  sweep  springs  is  largely 
one  of  appearance.  In  a  half  elliptic  spring  the  distance  between 
a  line  joining  the  centres  of  the  eyes  and  the  bottom  of  the 
shortest  leaf  (or  the  top  of  the  main  leaf)  is  known  as  the  arch. 
It  is  apparent  that  the  necessary  arch  is  dependent  upon  the 
clearance  required  under  full  dead  load  and  on  the  design  of  the 
spring  brackets  and  frame.  A  relatively  small  arch  is  preferable, 
because  with  it  a  certain  increase  in  load  will  give  a  greater 
deflection.  This  can  easily  be  seen  by  reference  to  Fig.  326. 
The  bending  moment  at  a  distance  /  from  the  spring  eye  is  equal 
to  P I  cos  a,  and  this  is  a  maximum  when  a  =  0^  that  is,  when 
the  spring  is  straight.  However,  some  arch  is  generally  neces- 
sary in  order  to  insure  the  required  clearance  when  the  spring  is 
under  load.     As  the  value  of  the  cosine  does  not  drop  much 
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Fig.  326.— Diagram  Showing  Effect  of  Ahch  on  Deflection. 

below  unity  for  the  first  10  degrees,  this  does  not  have  much 
effect  on  the  deflection.  Foreign  pleasure  cars  are  sometimes 
provided  with  nearly  flat  springs. 

Clips  and  Spring  Perches — Half  elliptic  and  quarter  elliptic 
spring  members  are  secured  to  the  spring  seats  or  perches  by  means 
of  box  clips.  These  are  made  of  very  low  carbon  steel,  which  will 
not  easily  become  brittle  under  vibration,  or  preferably  of  nickel 
steel.  The  shank  is  made  of  a  diameter  equal  to  one-quarter  the 
spring  width  and  is  cut  with  an  S.  A.  E.  standard  screw  thread. 
Hexagonal  head  nuts  are  used  on  these  clips,  which  can  be 
locked  by  means  of  spring  washers,  check  nuts  or  cotter  pins. 
Generally  the  ends  of  the  shanks  are  slightly  upset,  so  the  nuts 
Cannot  be  lost.  The  distance  between  the  two  clips  is  made  as 
small  as  the  design  of  the  spring  saddle  permits,  because  that 
part  of  the  spring  between  clips  is  inactive;  it  is  genetally  about 
1.5  times  the  width  of  the  spring.  A  pad  of  some  soft  material 
has  to  be  placed  between  the  spring  and  its  seat    Leather  and 


Fig.  327.— Box  Clip. 
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wood  have  been  used,  but  the  best  results  are  obtained  with  two 
layers  of  8  ounce  duck  soaked  in  white  lead.  Fig.  327  shows  a 
box  clip  fitted  in  place. 

If  the  rear  springs  take  up  the  torque  or  brake  reaction  their 
perches  must  be  securely  fastened  to  the  axle  housings  by  rivet- 
ing or  otherwise.  This  practice,  however,  is  comparatively  rare 
at  present,  and  generally  the  perches  swivel  on  the  axle  tube 
between  shoulders,  as  shown  in  Fig.  828  at  A.  The  perch  is  made 
in  two  parts,  joined  in  a  horizontal  plane  and  held  together  by 
two  square  head  bolts  whose  heads  are  sunk  into  the  spring  seats. 


Fig.  328.— Spring  Perches. 


Some  designers  form  the  upper  part  of  the  spring  perch  with 
lugs  to  which  the  radius  rod  connects. 

Undoubtedly  the  best  mounting  for  a  spring  perch  is  that  illus- 
trated in  Fig.  328  at  B.  A  sleeve  with  a  spherical  outside  sur- 
face is  riveted  to  the  axle  tube,  and  the  perch,  which  is  made  in 
two  parts,  is  bored  out  to  fit  this  sphere,  so  as  to  give  a  uni- 
versal connection.  With  the  ordinary  form  of  spring  mounting, 
if  one  rear  wheel,  say,  rises  over  an  obstruction,  both  rear  springs 
are  subjected  to  torsional  strains,  which  they  are  iU  adapted  to 
withstand,  and  this  is  avoided  by  using  spring  perches  with 
spherical  seats. 
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J'ic.  329.— Tim  KEN  Adjustable  Spring  Perch. 

Front  and  rear  solid  axles  usually  have  the  springs  seats 
forged  integral  with  them.  However,  a  great  many  motor  truck 
axles  are  manufactured  by  parts  makers,  and  it  is  then  practically 
impossible  to  provide  in  the  dies  for  integral  spring  seats,  be- 
cause of  variations  in  the  width  of  the  frame  in  different  designs 
of  trucks  of  substantially  the  same  capacity.  Fig.  329  illustrates 
the  manner  in  which  the  Timken  Roller  Bearing  Axle  Company  get 
around  this  difficulty.  A  spring  block  is  placed  on  top  of  the 
axle  and  the  spring  secured  in  place  by  means  of  two  clips  or 
four  bolts  whose  lower  ends  pass  through  cleats  on  the  under 
side  of  the  axle. 

Instead  of  having  the  box  clips  bear  directly  upon  the  spring 
leaves,  a  pressure  block  is  sometimes  inserted  between  them.    As 
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Fig.  330.— Spring  Pressure  Block. 
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shown  in  Fig.  330,  this  is  made  with  grooves  for  the  dips,  with 
a  hole  or  socket  for  the  head  of  the  centre  bolt  and  with  a 
curved  under  surface.  This  curved  under  surface  obviates  local- 
ization of  the  stress  at  the  end  of  the  spring  seat  and  renders  the 
whole  length  of  the  spring  available  for  elastic  deflection. 

Rebound  Clips  and  Reverse  Leaves— When  the  wheel 
strikes  an  obstacle  in  the  road  the  spring  near  it  is  compressed, 
whereby  energy  is  stored  up.  Immediately  after  the  compression 
has  ceased  the  spring  distends  again,  and  if  the  blow  to  the 
wheel  was  a  heavy  one  the  rebound  will  carry  the  body  far 
beyond  its  original  position  of  rest  relative  to  the  axle.  The 
main  leaf  of  the  spring  will  thereby  be  curved  in  the  reverse  di- 
rection, and  as  it  is  not  supported  by  the  other  leaves  in  this 
direction,  it  is  apt  to  be  stressed  beyond  the  elastic  limit  by  the 
rebound. 
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Fig  331. — ^Rebound  Clip. 

There  are  several  methods  of  preventing  such  injury  to  the 
main  leaf.  The  most  common  consists  in  the  use  of  rebound  clips 
by  which  part  of  the  load  will  be  transferred  during  sharp  re- 
bounds from  the  main  leaf  to  the  second  and  third  leaves.  As 
shown  in  Fig.  331  the  rebound  clip  is  preferably  riveted  to  the 
end  of  the  shortest  leaf  which  it  surrounds,  and  a  tubular  spacer 
is  slipped  over  the  bolt  to  prevent  the  leaves  being  clamped 
between  the  ends  of  the  U-shaped  clip,  whereby  their  free  play 
under  ordinary  running  conditions  would  be  hampered.  There 
is  also  another  simpler  form  of  clip,  known  as  the  clinch  dip, 
which  is  simply  a  piece  of  flat  steel  bent  into  rectangular  form, 
with  the  joint  at  the  middle  of  one  of  the  long  sides.  This  form 
of  clip  is  used  mainly  near  the  spring  eyes,  which  hold  it  in 
position. 

Another  method  of  limiting  the  rebound  consists  in  pladng  a 
couple  of  reversely  curved  leaves  on  top  of  the  main  leaf,  as  illus- 
trated in  Fig.  332.  These  reinforce  the  main  leaf  during  the 
rebound  and  prevent  its  breakage.  Finally,  quite  a  number  of 
makers  now  connect  the  frame  at  the  rear  with  the  axle  tube  by 
rebound  straps,  one  on  each  side,  which  limit  the  rebound  motion. 
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Alignment — ^Although  the  clips  at  the  centre  of  a  spring  tend 
to  hold  the  leaves  in  alignment,  they  alone  are  not  sufficient,  and 
some  means  of  preventing  lateral  motion  of  the  leaves  must  be 


Fig.  332.— Reverse  Leaves. 

provided  at  their  ends.  One  of  the  most  common  plans  is  to 
raise  a  central  longitudinal  rib  on  the  leaves  for  a  certain  dis- 
tance from  the  end,  the  rib  on  one  leaf  entering  a  corresponding 
gutter  on  the  next  This  method  is  quite  successful,  but  un- 
fortunately it  does  not  permit  of  the  use  of  clips  on  the  leaves. 
Another  widely  followed  plan  consists  in  providing  the  ends  of 
the  leaves  with  lips,  by  drawing  out  the  leaf  stock  laterally  in  the 
forge  and  bending  the  lips  at  right  angles,  as  shown  in  Fig.  333. 
A  third  method  consists  in  slotting  the  end  of  the  leaf  longi- 
tudinally and  raising  a  nib  on  the  leaf  below  it.  The  first  and 
third  methods  are  illustrated  in  Fig.  334,  which  figure  shows  all 
of  the  different  spring  points  in  use.  The  most  common  forms 
of  points  are  the  egg-shaped;  round,  short  French;  round  end; 
slot  and  bead;  ribbed  and  square,  and  tapered  points. 

Spring  Eyes,  Bolts  and  Shackle*— The  eyes  are  either 
turned  in  or  out,  or  are  in  line  with  the  main  leaf,  as  illus- 
trated in  Fig.  335  at  A^  B  and  C,  respectively.  In-turned  eyes 
are  the  most  advantageous,  as  they  are  easier  to  make  than 
the  central  eyes,  and  there  is  less  danger  of  their  opening  up 
under  the  pressure  of  road  shocks  than  with  out-turned  eyes. 
According  to  S.  A,  E.  specifications,  the  width  of  the  leaves 
at  the  eyes  must  be  within  0.005  inch  of  the  nominal  size.    In 


Fia  333.— Spring  Lips. 

all  high  grade  work  the  spring  eyes  are  bushed  with  either 
phosphor  bronze  or  steel.  In  case  the  latter  material  is  used 
a  seamless  steel  tube  cut  to  the  right  length  is  force(l  into  the 
eye  and  reamed  out.    With  phosphor  bronze  bushings  the  bolt 
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Fig.  334. — Spring  Leap  Points. 

preferably  should  be  case  hardened  and  ground.  The  object 
of  bushing,  of  course,  is  to  provide  means  for  readily  renew- 
ing the  wearing  surface  when  that  becomes  necessary.  The 
S.  A.  £.  committee  recommends  bushings  of  one-eighth-inch 
wall  thickness. 

Truck  springs  occasionally  are  provided  with  elongated 
eyes,  known  as  box  eyes,  which  slide  on  rollers  over  the 
spring  bolts;  they  are  also  made  without  eyes  at  either  one 
or  both  ends,  the  ends  sliding  in  combined  wear  plates  and 
guides. 

Some  means  must  be  provided  for  effectively  lubricating 
the  shackle  bolts,  as  they  are  working  continuously  and  will 
quickly  wear  out  if  they  are  allowed  to  remain  dry.  Small 
grease   cups,    with   one-eighth    inch   pipe    threaded   stems,    are 


Fig.  335.— Spring  Eyes. 

screwed  into  the  heads  of  these  bolts,  or  the  bolts  are  made 
with  integral  grease  cups.  Both  methods  are  illustrated  in 
Fig.  336.  In  the  cheaper  cars  oil  cups  are  provided  instead 
of  grease  cups,   or   even  only  oil  holes.     In   platform   springs 
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the  sides  springs  are  connected  to  the  cross  spring  by  means 
of  double  or  universal  shackles,  as  illustrated  in  Fig.  337. 
These  should  be  made  as  short  as  possible,  especially  in  the 
case  of  pleasure  cars,  as  there  is  always  an  unpleasant  sway- 
ing of  cars  fitted  with  platform  springs  when  driven  at  speed, 
which  is  one  of  the  chief  reasons  why  platform  springs  were 
largely  given  up  for  three-quarter  elliptic  on  pleasure  cars. 
These  springs  are  now  used  to  quite  an  extent  on  motor  trucks 
of  the  speedier  class.  In  this  class  of  work  the  double  shackle 
usually  consists  of  two  substantially  U-shaped  members  which 
are  hooked  together,  the  same  as  used  on  horse  trucks,  so 
there  are  only  two  pivot  joints  to  each  double  shackle. 


Fig.  336. — Spring  Shackles  and  Shackle  Bolts. 

The  distance  apart  of  the  spring  brackets  should  be  fixed 
so  that  when  the  spring  carries  its  normal  load  the  shackles 
stand  vertically,  whether  they  be  in  tension  or  compression. 
This  arrangement  gives  the  greatest  assurance  that  the 
shackles  will  never  come  into  a  position  parallel  to  the  ends 
of  the  main  leaf  in  which  the  spring  is  locked.  To  prevent 
the  reversal  of  shackles  due  to  excessive  rebound  they  are 
now  often  made  of  substantially  U-shape,  as  shown  in  Fig, 
338,  which  limits  their  angular  motion.  These  are  known  as 
non-reversible  shackles. 

Inclined  Springs — Front  half  elliptic  and  full  elliptic  springs 
occasionally  are  set  so  that  the  line  connecting  the  two  spring 
eyes  is  not  horizontal,  but  slants  upward  in  the  forward  direc- 
tion. The  reason  for  this  is  that  the  direction  of  the  worst 
shocks  on  the  spring  is  not  vertical  but  slightly  inclined  to 
the  rear,  and  it  is,  of  course,  advantageous  to  have  the  direc- 
tion of  heavy  shocks  coincide  with  the  direction  of  spring 
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Fig.  337. — Double  Shackles  for  Platform  Springs. 

play.  This  inclination  can  be  obtained  with  semi-elliptic 
springs  by  placing  the  eye  of  the  rear  bracket  slightly  lower 
than  the  eye  of  the  front  bracket,  and  with  full  elliptic  springs 
by  suitably  inclining  the  seat  of  the  spring  bracket  on  the 
frame.  Full  elliptic  and  three-quarter  elliptic  springs  are 
sometimes  clipped  to  the  under  side  of  the  axle  in  order  to 
lower  the  frame,  and  are  then  said  to  be  underslung. 

Torsion  and  Thrust  on  Springs — In  a  few  cars  the  torsion 
due  to  the  rear  axle  drive,  the  driving  thrust  of  the  rear 
wheels,  and  the  torsion  and  thrust  due  to  the  action  of  the 


Fig.  338.~Non-reversible  Shackle. 
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Fig.  339.— Auxiliary  Truck  Spring. 


brakes  are  taken  up  by  the  springs.  Since  only  the  main 
leaf  connects  the  axle  to  the  frame  it  is  on  this  leaf  that  most 
of  the  extra  strain  due  to  these  forces  comes.  This  makes  it 
necessary  to  use  leaves  of  comparatively  little  arch  and  to 
provide  spring  clips.  Engineering  opinion  regarding  this  practice 
is  divided;  some  regard  it  as  crude  and  unsatisfactory,  while 
others  claim  it  to  be  highliy  advantageous. 

Auxiliary  Springs— Auxiliary  or  jack  springs  are  used  on 
motor  trucks  to  take  up  part  of  the  load  when  the  truck  is 
heavily  loaded.  They  are  generally  secured  to  the  top  of  the 
half  elliptic  springs,  and  their  ends  come  in  contact  with 
wear  plates  on  the  under  side  of  the  frame  side  rails  after 
the  main  leaves  have  compressed  a  certain  amount.  Another 
plan  is  to  secure  the  jack  spring  to  the  under  side  of  a  frame 
cross  member  and  let  its  ends  bear  against  wear  plates  on 
the  rear  axle.    (Fig.  339.) 

Cantilever  Springs.— A  spring  which  carries  the  load  at  its 
small  end  is  known  as  a  cantilever  spring.  It  may  be  either  a 
quarter  elliptic,  in  which  case  the  butt  or  big  end  is  securely 
clipped  to  the  rear  of  the  frame,  or  a  half  elliptic,  in  which  case 
it  has  a  pivot  support  on  the  frame  at  or  near  its  middle,  is 
shackled  to  the  frame  at  its  forward  end  and  shackled  to  or 
in  sliding  connection  with  the  rear  axle  tube  at  its  rear  end,  as 


Fig.  340. — Cantilever  Spring. 


Digitized  by  VjOOQ IC 


SPRINGS. 


473 


illustrated  in  Fig.  340.  A  cantilever  spring  can  be  calculated  by 
the  same  formula  as  previously  given  for  the  conventional  form 
of  springs,  by  using  for  the  load  P  the  total  load  on  one  spring, 
instead  of  half  the  load.  A  half  elliptic  spring  of  given  dimen- 
sions would  deflect  twice  as  much  under  a  given  load  as  a  con* 
ventional  half  elliptic  spring,  but  it  would  also  be  stressed  twice 
as  much,  and  therefore  for  a  given  load  a  cantilever  should  be 
somewhat  shorter  and  stiffen  The  use  of  these  springs  is  com- 
paratively rare. 

Lubrication — ^Although  friction  between  leaves  is  desirable 
to  an  extent,  because  it  dampens  the  rebound,  yet  it  is  neces- 
sary to  keep  the  leaves  lubricated  where  they  bear  one  against 
another.  The  common  plan  is  to  pry  the  leaves  apart  in 
some  manner  and  introduce  lubricant  between  them  with  a 
table  knife.  To  enable  the  leaves  to  hold  the  lubricant  they 
are  now  rolled  of  the  section  shown  in  Fig.  341,  so  as  to 
form  a  grease  retaining  space  between  them.    Lubrication  of 


Fig.  341. 

the  leaves  is  necessary  mainly  because  without  it  there  is  an 
objectionable  squeak,  though,  of  course,  it  also  results  in 
reducing  frictional  losses. 

Some  makers  in  designing  their  springs  take  account  of  the 
fact  that  the  torque  reaction  of  the  motor  increases  the  load 
on  the  springs  on  the  right  side  of  the  car  and  decreases  that 
on  the  springs  on  the  left  side  (for  a  motor  rotating  right 
handedly)  by  making  the  right  hand  springs  slightly  stiffer, 
but  this  effect  is  usually  neglected. 
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ROAD  WHEELS. 

There  are  essentially  three  types  of  wheeb  used  on  motor 
cars,  viz.,  artillery  wood  wheels,  which  are  used  on  the  great 
majority  of  all  vehicles;  steel  wire  wheels,  which  are  used  on 
some  pleasure  cars,  and  cast  steel  wheels,  which  are  used  on 
heavy  trucks.  Disc  wheels  made  from  pressed  steel  are  also 
being  used,  but  only  in  rare  instances. 

Artillery  Wheels — Wood  artillery  wheels  consist  of  a  set 
of  spokes  turned  from  some  very  tough  wood,  generally  hickory, 
which  are  clamped  at  their  inner  end  between  flanges  on  a 
metal  hub  and  at  their  outer  end  are  tenoned  into  a  wooden 
felloe,  which  latter  is  surrounded  by  a  steel  band  or  ring.  The 
spokes  are  turned  to  an  elliptic  section,  and  great  pains  must  be 
taken  to  get  the  fibre  to  run  exactly  in  the  direction  of  the  spoke 
length.    The  spoke  billets  must  be  split  and  not  sawed 

Spoke  and  Felloe  Material — The  spokes  and  felloes  of  ar- 
tillery wheels  are  made  from  well  seasoned  or  kiln  dried  hickory, 
which  is  used  because  it  combines  strength,  toughness  and  elastic- 
ity in  the  highest  degree.  Hickory  grows  in  many  parts  of  the 
United  States,  but  the  best  qualities  are  said  to  come  from  the 
Ohio  Valley  and  from  the  northern  portions  of  the  country. 
Second  growth  stock  and  stock  from  the  lower  portion  of  small 
trees  yield  the  best  parts.  The  wood  should  preferably  be  cut 
when  all  the  sap  is  out  of  the  tree,  which  makes  the  cutting  sea- 
son in  the  southern  part  of  the  country  exceedingly  short. 
Hickory  is  mostly  cut  by  mill  men  operating  portable  saw  mills, 
who,  when  the  supply  in  a  certain  district  is  exhausted,  move 
their  plant  to  another  part  These  mill  men  sell  their  stock  to 
the  wheel  makers. 

Wheel  Diameters — It  is  now  the  universal  custom  in  pleasure 
car  design  to  use  wheels  of  the  same  diameter  in  front  and  rear, 
because  with  equal  sized  front  and  rear  tires  only  a  single  spare 
need  be  carried.    The  most  common  wheel  diameters  for  pleasure 
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cars  are  32,  34  and  36  inches.    Wheel  diameters  vary  with  the 
wheelbase  substantially  as  follows: 

Inches. 

LeM  Uian  100  inch  wheelbase 30 

100  to  no  inch  wheelbase 3a 

1 10  to  130  inch  wheelbase 34 

1 15  to  135  inch  wheelbase 36 

It  will  be  noticed  that  the  wheelbase  ranges  for  34  inch  and 
36  inch  wheels  overlap.     For  wheelbases  between   no  and  120 


Fig.  342. — Spoke  and  Felloe  Assembly  of  Pleasure  Car  Wheel. 

inches  36  inch  tires  are  used  on  the  more  expensive  cars  and  34 
inch  on  the  lower  priced.  Outside  wheel  diameters  are  always 
expressed  in  even  numbers  of  inches,  except  when  the  so-called 
mongrel  tires  are  used ;  that  is,  a  tire  of  a  given  width  on  a  rim 
designed  for  a  tire  one-half  inch  narrower.  A  few  makers  use 
wheels  of  as  large  a  diameter  as  40  and  42  inches,  but  such  cases 
are  rare.    One  reason  for  using  such  large  wheels  is  the  desire 
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to  secure  ample  ground  clearance  in  underslung  cars.  Large 
wheels,  of  course,  improve  the  riding  qualities  of  the  car  and  add 
to  the  life  of  the  tires,  but  these  advantages  are  at  least  partly 
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offset  by  their  increased  cost.  They  also  greatly  increase  the 
stress  in  the  axles,  as  the  leverage  of  a  lateral  shock  to  the 
wheel  is  proportional  to  the  wheel  diameter. 
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In  motor  truck  work  34  and  36  inch  wheels  are  used  almost 
exclusively,  irrespective  of  size,  except  that  the  rear  wheels  of 
S-ton  and  over  trucks  sometimes  are  made  as  large  as  42  inches 
in  diameter.  In  this  connection  it  may  be  pointed  out  that  in 
motor  trucks  the  front  wheels  are  frequently  made  of  somewhat 
smaller  diameter,  since,  until  recently,  solid  rubber  tires  were  not 
made  so  they  could  be  interchanged  by  the  driver,  and,  therefore, 
there  was  no  advantage  in  interchangeable  front  and  rear  tires. 

The  diameter  of  the  wood  wheel  is  less  than  the  nominal 
wheel  diameter  by  twice  the  height  of  the  tire  and  rim.  For  solid 
tired  wheels  the  dimensions  have  been  standardized  by  the 
S.  A.  E.  and  the  standard  specifications  will  be  found  in  the  ap- 
pendix to  this  volume.  Standardization  of  pneumatically  tired 
wheels  along  similar  lines  is  now  under  way. 

Number  of  Spokes — Front  wheels  of  pleasure  cars  are  made 
with  either  10  or  12  spokes,  rear  wheels  of  pleasure  cars  with  12 
spokes.  For  motor  trucks  the  numbers  of  spokes  are  made  sub- 
stantially as  follows: 

Load  Capacity.                                                                Front.  Rear. 

One   ton   or   leas la  la 

xH    to   a^    tons..... xa  14 

a^    to   4^    tons X4  X4 

Over   4^    tons 14  16 

Proportions  of  Spokes — Until  quite  recently  it  was  the  uni- 
versal practice  to  make  spokes  of  an  elliptic  section,  the  width 
of  the  spoke  averaging  three-fourths  its  depth  in  the  direction  of 
the  wheel  axis.  Lately,  however,  spokes  of  square  or  rectangular 
section  have  come  into  extensive  use  for  truck  wheels  and  bid 
fair  to  oust  the  elliptic  spoke  entirely  for  that  purpose,  since  the 
rectangular  spoke  is  stronger  in  proportion  to  weight  than  the 
elliptic  spoke.  The  width  of  the  spoke  is  generally  made  con- 
stant from  end  to  end,  but  the  depth  or  thickness  (dimension  in 
the  direction  of  the  wheel  axis)  tapers  about  ^  inch  from  hub 
to  felloe.  However,  in  heavy  truck  wheels,  which,  on  account  of 
their  dual  and  even  triple  tires,  require  very  wide  felloes,  the 
thickness  of  the  spoke  is  sometimes  made  increasing  from  the 
hub  toward  the  felloe.  Improved  turning  lathes  have  recently 
been  introduced  in  wheel  manufacture  which  allow  of  obtaining^ 
two  opposite  tapers  in  one  operation. 

The  tenons,  which  are  forced  into  holes  drilled  in  the  felloes, 
are  made  equal  in  diameter  to  about  one-half  the  depth  of  the 
spoke.  One  wheel  maker  says  that  they  should  be  made  of  such 
length  that  they  extend  entirely  through  the  felloe  and  bear  up 
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against  the  steel  band.  This  causes  the  pressure  of  the  load  to 
be  transferred  directly  from  the  spokes  to  the  steel  band  and 
prevents  splitting  of  the  felloe  through  the  tenon  holes.  The 
length  of  the  mitre  or  head  of  the  spoke  held  between  flang^es 
should  be  at  least  1.25  times  the  depth  of  the  spoke.  The  throat 
of  the  spoke,  or  that  portion  intermediate  between  the  barrel 
and  the  mitre,  is  drawn  to  a  radius  of  about  2  inches  and  so 
that  the  throat  circles  of  adjacent  spokes  intersect  at  }i  inch 
from  the  hub  flange  circle,  while  the  curved  edge  of  the  face  of 
the  mitre  comes  H  inch  from  the  hub  flange  circle. 

Spoke  Dimensions — It  is  found  that  the  greatest  strain  on 
artillery  spokes  is  the  result  of  lateral  forces  due  to  skidding. 
The  wheels  must  be  made  strong  enough  to  withstand  any  such 
shocks  which  are  proportional  to  the  weight  upon  them.  The 
resistance  of  the  wheel  to  withstand  lateral  shocks  is  proportional 
to  the  number  of  spokes,  to  the  section  modulus  of  the  spoke  and 
inversely  to  the  diameter  of  the  wheel.  That  is, 
nZ 

Calling  the  depth  or  thickness  of  the  spoke  (dimension  between 
flanges)  d  and  the  width  b,  the  section  modulus  of  an  oval  spoke 

is   approximately  and   that    of   a   rectangular   spoke    * 

10  6 

Hence 

nbd* 

But  b  varies  substantially  in  proportion  to  d,  and  therefore  we 
may  write 

and 


-T,7^ 


Also,  since  it  is  customary  to  use  spokes  of  the  same  size  for 
front  and  rear  wheels,  notwithstanding  the  fact  that  they  carry 
different  maximum  loads,  we  will  take  for  W  the  total  weight 
of  the  car  and  load.  The  author's  data  shows  that  the  average 
value  of  c  in  pleasure  car  practice  is  14.    Hence 

I     ^/IVD  ^     ^ 

^=xlV-^ (83) 

In  the  case  of  truck  wheels,  since  the  ratio  of  width  to  thick- 
ness of  spokes  varies  considerably,  it  is  best  to  introduce  the 


Digitized  by  VjOOQ IC 


ROAD  WHEELS. 


479 


width  in  the  formula.  Also,  a  separate  equation  should  be  given 
for  spokes  of  rectangular  section.  Since  the  spokes  of  front 
and  rear  wheels  are  often  made  of  different  thicknesses,  it  is 
best  to  introduce  in  the  formula  the  weight  w  on  the  front  and 
rear  axles,  respectively.  The  author  finds  that  in  modem  prac- 
tice 


bd*  =  ^ ;  for  oval  spokes 

i,ooo  ^ 

and 

TV  D 

bd"^  =^ oo  ^°^  rectangular  spokes. 


.(84) 
.(85) 


Fig.  344. — Pleasure  Car  Front  Hub. 

Wheel  Hubs — ^The  hubs  of  artillery  wheels  are  made  either 
of  cast  steel  or  of  malleable  iron.  Fig.  344  shows  a  typical 
design  of  pleasure  car  front  hub,  and  Fig.  345  a  design  of  truck 
rear  hub.  The  general  form  of  the  hubs  is  largely  determined  by 
the  dimensions  of  the  bearings  and  their  necessary  distance 
apart.  The  outer  hub  flange  is  generally  made  integral  with  the 
hub  casting,  while  the  inner  one  is  free,  being  slipped  over  a 


Digitized  by 


Google 


480 


ROAD  WHEELS. 


machined  cylindrical  surface  so  as  to  be  accurately  guided. 
Some  manufacturers  round  the  inner  inside  edge  of  the  movable 
flange,  but  wheel  makers  say  that  this  practice  is  to  be  con- 
demned. If  the  flange  has  a  fairly  sharp  comer  and  meets  the 
hub  barrel  at  90  degrees  the  clamped  surface  of  the  spoke  mitre 
is  considerably  longer  and  the  spoke  is  held  so  much  more  se- 
curely. Nearly  all  trouble  with  artillery  wood  wheels  is  due  to 
shrinkage  of  the  spokes,  causing  looseness  in  the  hubs. 


Fig.  345.--TRUCK  Rear  Hub. 

There  is  much  variety  in  respect  to  the  number  of  flange 
bolts  used,  and  the  manner  of  locating  them.  The  most  extensive 
practice  is  to  use  one  bolt  for  every  two  spokes  and  to  place  it 
between  the  mitres  of  adjacent  spokes.  However,  some  manu- 
facturers use  a  bolt  for  each  spoke,  placing  it  between  adjacent 
spokes,  while  still  others  pass  it  right  through  the  centre  of  the 
mitre. 

Securing  Sprockets  and  Brake  Drums— Where  a  brake 
drum  is  secured  to  the  rear  wheel  it  is  sometimes  fastened  only 
by  the  regular  hub  flange  bolts,  the  pressed  steel  drums  serving 
also  as  the  loose  flange  of  the  hub.    In  this  case,  naturally,  the 
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integral  flange  is  made  of  considerable  diameter  and  the  flange 
bolts  are  placed  as  far  out  as  possible.  Other  designers,  how- 
ever, use  two  circles  of  bolts,  one  passing  through  the  integral 
flange,  spoke  and  brake  drum,  and  the  other,  outer  one,  through 
the  spoke  and  brake  drum  only.  In  the  latter  case  the  spokes 
are  generally  enlarged  where  the  bolts  pass  through  them,  as 
shown  in  Fig.  346  at  A,  Instead  of  securing  the  brake  dnmi 
by  means  of  bolts,  some  designers  provide  clips,  as  shown  in  the 
same  figure  at  B.  Where  brake  drums  are  directly  secured  to 
wheel  spokes  it  is  desirable  that  the  flat  of  the  spokes  at  the 
joint  with  the  drum  be  equal  to  the  greatest  width  of  the  spoke, 
as  otherwise  a  sharp  angle  is  formed  at  the  joint,  in  which  dirt 
collects. 


Fig.  346. — Brake  Drum  Fastenings. 

In  order  to  strengthen  the  spoke  assembly  at  the  centre  the 
Schwarz  Wheel  Company  makes  the  mitre  of  the  spokes  inter- 
locking, as  illustrated  in  Fig.  347,  and  some  other  manufacturers 
provide  keys  between  the  mitres  of  adjacent  spokes. 

Hub  Caps — Wheels  are  held  in  place  on  the  axle  spindles 
by  nuts  on  the  ends  of  the  latter,  which  bear  against  the  inner 
race  of  the  outermost  anti-friction  bearing  and  which  are  locked 
against  unscrewing  by  split  pins  or  similarly  effective  means. 
However,  the  hubs  are  provided  at  their  outer  ends  with  screw 
caps,  in  order  to  retain  the  lubricant  in  the  bearing  and  exclude 
dust  and  grit,  as  well  as  for  the  sake  of  appearance.  These  hub 
caps  are  provided  with  a  comparatively  fine  thread,  and  screw 
up  against  a  shoulder  formed  on  the  hub  barrel,  the  thread  being 
either  on  the  inside  or  outside  of  the  barrel.  As  loss  of  hub 
caps  is  a  very  annoying  thing,  they  are  often  locked  by  the 
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familiar  spring  wire  ring  locking  device,  while  the  hub  caps  of 
motor  trucks,  which,  on  account  of  the  greater  vibration  on  solid 
tired  vehicles,  are  particularly  apt  to  shake  loose,  are  sometimes 
made  with  a  small  drilled  lug  and  wired  to  one  of  the  spokes  to 
prevent  their  loss.  In  order  to  make  it  possible  to  conveniently 
remove  them,  the  hub  caps  of  pleasure  cars  are  generally  pro- 
vided with  a  hexagonal  outer  portion  to  which  a  monkey  wrench 
can  be  applied,  or  with  a  slotted  flange  taking  a  special  wrench. 
A  good  scheme  in  connection  with  large  truck  hub  caps  is  to  cast 
them  with  four  square  lugs  on  their  outer  plane  surface,  between 
which  a  pry  bar  can  be  inserted. 


Fig.  347.— Schwarz  Interlocking  Spoke. 

Owing  to  the  difficulty  of  unscrewing  a  cap  with  a  thread  3  to 
4  inches  in  diameter,  some  makers  secure  the  hub  caps  by  means 
of  cap  screw  bolts.  It  is  a  common  practice  to  cast  the  name  of 
the  manufacturer  or  his  trade  mark  on  the  hub  cap.  For  light 
cars  the  caps  are  sometimes  made  of  sheet  metal. 

Dished  Wheels — Front  wheels,  as  well  as  rear  wheels  of 
those  shaft  driven  cars  which  have  an  arched  rear  axle  are  gen- 
erally dished;  that  is,  the  spokes  are  set  at  an  angle  with  a  plane 
perpendicular  to  the  axis  of  the  wheel.  In  standard  American 
practice  the  dish  is  made  2  degrees.  This  must  be  provided  for 
in  turning  the  hub  flanges.  Dishing  greatly  adds  to  the  lateral 
strength  of  the  wheel,  because  it  distributes  the  stress  due  to  any 
lateral  shocks  over  a  considerable  number  of  spokes.  Wheel 
makers  who  have  been  accustomed  to  dished  wheels  all  their 
lives — these  wheels  being  used  exclusively  for  horse  vehicles — 
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also  maintain  that  dishing  adds  to  the  beauty  of  a  wheel.  The 
dish  of  the  spokes  and  the  set  or  camber  of  the  axle  should 
preferably  be  alike,  as  then  the  bottom  spokes,  which  carry  the 
load,  will  stand  vertical. 

Manufacture  of  Wheals— At  the  wheel  manufacturing  plants 
the  spoke  billets  and  felloe  strips  arrive  in  the  green  state,  and 
the  first  operation  consists  in  kiln  drying  them.  They  are  packed 
in  the  kiln,  which  is  now  generally  heated  by  steam,  and  the  best 
results  are  said  to  be  obtained  by  starting  with  a  low  heat, 
gradually  increasing  it  to  a  maximum  and  then  decreasing  it 
again.  After  this  process  has  been  completed  the  billets  for  the 
spokes  are  placed  in  eccentric  turning  machines  and  the  barrel 
portion  of  the  spokes  is  turned  substantially  to  size,  while  the 
head  end  is  left  in  the  rough  state.  The  spokes  then  go  back 
for  another  drying  treatment  in  the  kiln,  after  which  the  head 
ends  are  mitred  and  faced,  and  the  spokes  are  equalized  and 
sanded. 

The  felloe  stock  as  it  arrives  from  the  saw  mill  is  steamed  in 
both  exhaust  and  live  steam,  and  is  then  bent  to  the  proper  curva- 
.  ture,  after  which  it  is  placed  in  the  kiln  and  dried  for  from  20  to 
30  days.  Upon  the  completion  of  the  drying  treatment,  the 
felloes  are  planed,  bored,  rounded  and  sanded.  The  felloe  of  a 
wheel  is  always  made  in  halves,  and  the  next  operation  consists 
in  assembling  each  half  felloe  with  its  spokes,  the  tenons  of  the 
spokes  being  forced  into  the  felloe.  Next,  the  two  halves  of  the 
wheel  are  inserted  in  a  screw  press  and  forced  on  to  a  dummy 
hub.  They  are  then  equalized;  that  is,  reduced  to  the  same 
height,  and  the  wheel  is  then  reduced  to  the  proper  diameter  for 
the  steel  band.  The  latter  is  heated  before  being  applied  to  the 
felloe,  and  after  being  put  in  place  is  compressed  on  it  by  means 
of  an  hydraulic  press.  The  dummy  hub  is  then  taken  off  and 
the  wheel  is  sanded  and  primed  or  oiled,  and  the  hub  and  other 
metal  parts  are  fitted  to  it.  The  two  halves  of  the  felloe  are 
joined  together  by  means  of  steel  plates  extending  across  the 
joint  and  secured  to  the  felloes  by  bolts. 

Wire  Wheels — Wire  wheels  were  used  in  this  country  to  a 
considerable  extent  in  the  early  days  of  the  automobile,  but, 
probably  on  account  of  too  light  construction,  gave  a  great  deal 
of  trouble  and  were  soon  discarded.  They  were  reintroduced  in 
England  some  four  or  five  years  ago,  and  are  now  widely  used 
abroad,  and  also  being  taken  up  again  in  this  country.  The  chief 
advantage  of  the  wire  wheel  is  that,  as  compared  with  a  wood 
artillery  wheel,  it  has  a  much  greater  lateral  strength  in  pro- 
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Fig.  348.— Sectional  View  of  Rudge-Whitworth  Wire  Spoke 
Wheel. 
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portion  to  its  weight.  This  makes  it  possible  to  use  wheels  of 
smaller  weight,  which  are  easier  on  tires,  and  some  comparative 
tests  made  by  the  London  Taxicab  Company  are  said  to  have  shown 
a  remarkable  tire  economy  in  favor  of  the  wire  wheel.  An  ob- 
jection to  the  wire  wheel  is  that  it  is  not  as  easily  kept  clean  as 
an  artillery  wood  wheel. 


Fig.  349. — Side  View  of  Wire  Wheel. 

At  present  wire  wheels  are  generally  made  of  the  demountable 
type,  these  wheels  abroad  being  provided  with  a  hub  in  the 
form  of  a  comparatively  thin  steel  shell  formed  with  serrations 
on  its  inner  circumference,  which  is  slipped  over  the  regular 
hub  on  the  axle  and  secured  in  place  by  means  of  a  clamping 
nut.  The  Rudge-Whitworth  wheel,  illustrated  in  Fig.  348,  is  of 
this  type.  Such  a  wheel  serves  the  same  purpose  as  the  demount- 
able rim  generally  used  in  this  country,  one  or  more  complete 
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extra  wheels  being  carried  on  the  car,  and  in  case  a  tire  puncture 
or  other  tire  defect  is  suffered,  the  wheel  carrying  the  damagred 
tire  is  rtaioved  and  one  of  the  spare  wheels  with  its  tire  already 
inflated  is  substituted  therefor.  In  the  McCue,  a  wire  wheel 
made  in  this  country,  the  hub  of  the  wheel  is  driven  by  a  num- 
ber of  pins  secured  into  a  flange  of  the  inner  hub  and  extending 
through  holes  in  the  outer  hub. 

The  so-called. triple  spoke  construction,  illustrated  in  Fig.  348, 
is  generally  employed  for  automobile  wire  wheels.  One-half  of 
the  spokes  in  the  outer  row  extend  tangentially  in  one  direction 
and  the  other  half  in  the  opposite  direction.  The  inner  row  of 
spokes  and  the  intermediate  row  also  extend  in  opposite  direc- 
tions, respectively.  Owing  to  the  fact  that  the  thread  at  the 
outer  end  of  the  spokes  reduces  their  effective  cross  section  and 
that  that  portion  of  the  spoke  near  the  head  is  subjected  to  bend- 
ing stresses  in  addition  to  the  tension  on  it,  it  is  customary  to 
swage  down  the  middle  portion  of  the  spoke  so  as  to  make  it 
substantially  equal  in  strength  to  the  threaded  portion,  thus 
eliminating  unnecessary  weight.  In  order  to  secure  the  neces- 
sary lateral  strength  the  hubs  must  be  made  of  considerable 
.  length  and  the  spoke  flanges  placed  as  far  apart  as  possible. 

As  regards  the  necessary  size  of  spokes,  it  may  be  said  that  a 
touring  car  of  recent  design,  weighing  with  load  approximately 
5,000  pounds,  has  36  inch  wire  wheels  with  56  spokes  each, 
swaged  down  at  their  middle  portion  to  A  inch  diameter. 

Cast  Steel  Wheels — Probably  the  greatest  amount  of  trouble 
with  artillery  wood  wheels  has  been  experienced  with  those  used 
on  heavy  trucks.  Owing  to  the  very  thick  spokes  required  in 
these  wheels,  a  comparatively  slight  proportional  shrinkage  of 
the  spokes  causes  them  to  loosen  in  their  hubs,  and  the  rather 
severe  jarring  of  the  wheels  due  to  the  use  of  solid  tires  then 
has  a  very  destructive  action.  For  this  reason  cast  steel  wheels 
are  latterly  being  used  to  an  increased  extent  in  motor  truck 
practice.  These  wheels  were  first  used  in  Germany,  and  the 
greatest  amount  of  experience  with  them  has  been  gained  in  that 
country.  We  show  herewith  (Fig.  350)  a  sectional  view  of  the 
cast  steel  rear  wheel,  as  specified  for  German  military  trucks. 
These  trucks  are  designed  for  a  maximum  total  load  of  syi 
metric  tons  on  the  rear  axle,  and  the  rear  driving  wheels  are  to 
be  fitted  with  dual  solid  tires  of  41  inches  outside  diameter,  5.6 
inches  width  and  3.6  inches  depth,  the  cast  steel  portion  of  the 
wheel  being  34  inches  in  outside  diameter.  It  will  be  seen  that 
the  wheel  is  provided  with  a  hollow  spoke  of  about  3  inches 
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Fig.  3S0.--CAST  Steel  Rear  Wheel  op  Gekman  Miutaky  Truck. 
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minimum  depth,  the  wall  of  the  spokes  as  well  as  the  iniifr 
wall  of  the  rim  being  a  shade  below  %  inch  in  thickness.  These 
wheels  are  provided  with  plain  parallel  bearings,  in  which  re- 
spect they  differ  from  cast  steel  wheels  used  in  this  coun- 
try, as  it  is  customary  here  to  use  anti-friction  bearings.  In 
the  majority  of  cases  the  spokes  are  made  cross  shaped,  which 
makes  the  molding  a  good  deal  easier,  but  the  hollow  round 
spoke  is  neater  in  appearance  and  also  has  the  advantage  with 
respect  to  lateral  strength,  at  least  in  the  case  of  trucks  of  large 
capacity. 
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Clutch  Sprinst  Table. 

The  following  table  permits  of  readily  determining  the  size  of 
wire  required  for  clutch  springs  of  certain  lengths  and  diameters 
of  coil,  to  exert  a  certain  pressure.  D  denotes  the  mean  diam- 
eter of  the  coil  (from  centre  to  centre  of  wire),  which  is  equal 
to  the  outside  diameter  minus  the  diameter  of  the  wire;  d,  the 
diameter  of  the  wire;  W,  the  maximum  safe  pressure  a  spring 
of  the  particular  diameter  of  coil  and  diameter  of  wire  will 
sustain,  and  F,  the  deflection  of  one  coil  under  a  pressure  of  loo 
pounds.  It  will  be  noticed  that  three  different  values  are  given 
for  F  for  each  size  of  wire  and  diameter  of  coil;  these  corre- 
spond to  coefficients  of  torsional  elasticity  of  10,000,000.  12,000,000 
and  14,000,000,  respectively.  The  maximum  safe  pressure  is  cal- 
culated on  the  basis  of  a  stress  of  50,000  pounds  per  square  inch. 

D  =  ij^" 

d=y4"  W  =  ao4.5 


I    .0697 

F  }   .0581 

f   .0498 

»^  =  389.9 

(  .0283 

5/16"  F  }  .0*36 

(     .030 1 

fr  =  663.1 

(    .0137 

H"  F  J   .0114 

(  .0098 

FFSI04I. 

i    .006a 

7/16"  F  }  .0052 

(   .0045 

^^=1636. 

I    .0044 

^^  F  i   .0036 

(   .0031 


iH" 

i^" 

!«" 

2" 

2Vi" 

^Ya" 

afi" 

188.  s 

175.0 

163.4 

153.1 

144.1 

136. 1 

129.0 

.0883 
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.1335 

.1643 

.1967 

.2390 

.2751 

.0735 

.0924 

.1109 

.1367 

.1639 

.1949 

.2293 

.0629 

.079X 

.0953 

.1172 

.1406 

.1671 

.1965 

367.3 

341.1 

318.3 

298.4 

280.9 

265.3 

251.3 

.0358 

;04S0 

.0541 

.0667 

.0800 

.0951 

.1102 

.0299 

.0375 

.0452 

■0555 

.0667 

.0793 

.0931 

.0256 

.0321 

.0387 

.0476 

.0571 

.0679 

.0799 

636.8 

i59i.3 

551.9 

517.4 

486.9 

459.9 

435.7 

.0174 

.0218 

.0263 

•0333 

.0388 

.0472 

.0542 

.0145 

.0182 

.0219 

.0269 

.0323 

.0384 

.0451 

.0124 

.0156 

.0188 

.0230 

.0277 

.0329 

.0387 

1009. 

936.9 

874.4 

819.8 

771.5 

728.7 

690.3 

.0079 

.0099 

.0119 

.0146 

.0176 

.0209 

.0246 

.0066 

.0082 

.0099 

.0122 

.0146 

.0174 

.0202 

.0056 

.0071 

.0085 

.0105 

.0126 

.0149 

.0175 

1 510. 

1402. 

1309. 

1227. 

1 155. 

1091. 

1033. 

.0055 

.0069 

.0083 

.0102 

.0123 

.0146 

.0172 

.0046 

.0058 

.0069 

.0084 

.0102 

.0122 

.0134 

.0041 

.0054 

.0060 

.0074 

.0089 

.0105 

.0124 
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S.  A.  E.  Sprinst  Order  Specifications. 

Type    of    Car 

TypeofSpring]F-^;........-....-.-........^ 

Material    

Type  of  Leaf  Points (See  diagram) 


i»i  I  I  I  I 


<VJ   ^  ft)        >        *0       VO  IS 


(Front  
Rear  
Transverse 


Method  of  Clamping  Spring  in  Centre 


Type 

of 

Eye 


No.  I  Eye  formed  with 
main  leaf. 

No.  2  Eye  formed  with 
main  leaf  and  other  leaf 
or  leaves. 

No.  3  Eye  formed  by  weld- 
ing and  drilling. 

a.  In.* 

b.  Out.  *» 


Fill   in   by   number   and 
letter 

Front  Eye         Rear  Eye 

Front    spring 

Rear   spring 

Transverse   spring 


Eyes 


I  Material 
Inside 
Outside  diameter  of  bushing 
Not  Bushed®  Inside  diameter in. 


diameter in.  \  Reamed 

»  ^        ^«'\    Not 
1.0.  +  ^"  I  Reamed 


j    Reamed 


Not  Reamed 

*  Tolerance  on  bushed  eyes:  o  to  .002  inch  under  standard  diameter. 

•  Tolerance  on  bolt  for  bushed  eye:  .003  inch  to  .004  inch  under  standard 
diameter. 

°  Tolerance  on  eyes  not  bushed:  o  to  .005  inch  under  standard  diameter. 
®  Tolerance  on  bolts  for  eyes  not  bushed :   .007  inch  to  .008  inch  under 
standard  diameter. 
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Rebound  Qips      Number 

J  Clinched 
Type  j  Bolted 

On  front 

On  rear 

spring 
right      left 

Weight  carried  j  Car   empty lbs lbs. 

above  springs  |  With  max.  load.. lbs lbs. 

spring 
right        left 
....lbs.... lbs. 
....lbs.... lbs. 

Distance  between  two  most  adja-  f  Front  ] in. 

cent  parts  liable  to  strike,  meas--|  I 

ured  under  maximum  load Rear       in. 


Do  springs  take  driving  effort?.. 
Do  springs  take  braking  effort?. 
Front 


Rear 


Shackles 


1  Under  Tension 


I  or  Compression 
Additional  information 


'     ^^^U'lvtfiAMraed 


^^WScUht.OOS' 


To  Be  Left  to  the  Sprins(maker. 

1.  Number  of  Leaves. 

2.  Gauge  of  Steel. 

3.  Type  of  Leaf  Point. 

4.  Type  of  Rebound  Clip. 

5.  Position  of  Rebound  Clip  (within  certain  limits). 

6.  Type  of  Eye. 

All  dimenmons  to  be  given  under  full  passenger  or  merchandise  load. 
Designate  front  end  of  spring  by  letter  "F."  Give  tolerances  in  dimensions 
when  possible. 
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4yn 


If  spring  rests  on  axle  and  is  hung  under  bracket  fill  in  dimension  a. 
If  spring  is  hung  under  axle  and  is   hung  under  bracket  fill  in  dimen- 
sion  h. 

If  spring  rests  on  axle  and  rests  on  bracket  fill  in  dimension  c. 

If  spring  is  hung  under  axle  and  rests  on  bracket  fill  in  dimension  d. 
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If  spring  is  hung  under  axle  fill  in  dimension  a. 
If  spring  rests  on  axle  fill  in  dimension  b. 
If  spring  is  hung  under  bracket  fill  in  dimension 
If  spring  rests  on  bracket  fill  in  dimension  </. 


If  spring  rests  on  axle  and  is  hung  under  bracket  fill  in  dimension  a. 
If  spring  is  hung  under  axle  and  is  hung  under  bracket  fill  in  dimen- 
sion b. 

If  spring  rests  on  axle  and  rests  on  bracket  fill  in  dimension  e. 

If  q>ring  is  hung  under  axle  and  rests  on  bracket  fill  in  dimension  d. 

If  q>ring  is  hung  under  bracket  fill  in  dimension  e. 

If  spring  rests  on  bracket  fill  in  dimension  /. 


If  spring  rests  on  axle  fill  in  dimension  a. 

If  spring  is  hung  under  axle  fill  in  dimension  b. 


^Vi^arPMe 


Digitized  by 


Google 


APPENDIX. 


497 


-J/A^ 


o    f«    mr^o   «o«oo    o    »ow>o   "rto    inO    mwjo 
fo^m^oo    o    o    eooiomao    O    «o>ooo   o    w>0 

15^  i  i  i  i  i>  i  i  i  i  i  i.  i  i  i>  i  i>  i  i  i 

O     O     *^     ->     •-•     t1     M     fO(*>fO«0^*Oin\OVOtsQO     o 
woo     ^OktO>0>0     OtAO     O     M     fOM     V«    <^V)tvO 

O^^OOO    OtM    M«0^0    O^O^M    vto^n    lOOkiftM 
0«M>t>.000»OiOOO»«00»00»OiOip 

^  i  iC  i  i  .£.  i  i  i  i  A'  i  i>  i  i  i  i  i  i  i 

>o»«iiooo»oioi-iiNt^txeoo««ioo»orvO 
oo>«MMCif)to«o«of0^vtio««ors.aoo 

oil  J5>:5^:^;«;«  :i:i:i:iy^:s:s:s:s:s:R«« 

CO  "  ««-    ^ 

O 

^    1    ♦'♦^3tv^•vO^O»0«^0^»0^oVo»^•^^V♦^s^ 
*^w>r<»ts  »!r>l!r»lo^Ir>w>lJr»r*^s^s 

■a 

flfe'Sillflfoooooooooooooo^ovo'O^'* 


?^:R:i:««;« 


Sm 


O    *n  o    *o  1/^  m  N 
Mtxr»ivM»np«^r^Ov'«'Ov 
t>.0*M     ^txOv»*    M    i*j^t>.Ov 

(*}  00  ro  00  ro 
t<«  ov  M  ^  r^ 
ro   ^  ^    ^  00 


P|     fl     «1     M     f» 


^  a  •♦  o» 


?§ 


P|     N     M     *0    «*» 


I       t       I        I       I       I       t       I       I       I 

^t>.0v^0s'«'0*^0v0>0» 
N     o^txOkM     ^t>.0»'«'Ok 


Ci     f»     W     N     *«0    e»> 


^Ov^piotaooeooooooooo 


to  ^  tN>  a  (« 


^•nt^^owmtvOfimr^omoiooioooo 
(«    rotn^o    inoo    o    w    fl    lomt^o    «    wit^o    *n  o 


n    d   n   f«   fo  *o  ' 


Digitized  by  ^ 


Google      — 


498 


APPENDIX. 


•-i    M    n    fO  ««• 


I    .•    ••    .•    .•   *^   *^ 


O  eo  »rt  Ok  ♦  W 
M  vo  M  tx  M  ro 
«    d    «o  »o  w>  vo 


^00    *o^    ^*o«»>w>o 
orot>0'ri>.»^tx«n 
«o  to  «o  ^  ^  »^ 


t 

fa. 

I 

I 
I 


/s>i»  i,/.i  .Li.;  ^i,i  i.i  j,  /.i  A.i  i 


<o  CO  •o  ^  ♦  «n 


r^>o    «nt<««    «    o    »^M    o    i^O    «o«s.pi 
00   o   fieo   «oo   r^«oQp   i^toi^-^mro 

t0>^O9    «00    M     tom^OO    O    eot^O     ^ 

Q  JL>i»  A,iLi  /.^<!.  .Li^A  i.ii  ;. 


f»>   »o  \0  I 


CI   M    01   <»>  ro 


lo  o 


in  »« 
m  O 


2i 

a 
s 

a 


8 


•  m  «A  to 

^Ok^S>O»000000 

o>^o>^a*aN  ^r^S^r^Ja 
cj  «  ^^  N.80  a  ^-  ^-  „•  M  M  M  «i  ei 
linhinl   ink    Ulinlll    hi 

iOt^OM»Ot^ON«Ot^OiOOOO 

n   <oio>o   i>.oo   o    «    fi   foi^rs.o   ^o 


r^    M     N.    N     iNi    «    ts. 


N   r^  n    Is,  tN  vo 

"     ^    ts.    O^    ^    Ok 
"     c<0    ^    t^    Ok 


w«o«*-<o«>>ooo>,^^^;mJm 
•Ooo   ^oL   fool   Joot    JooL   cocio!)   »o 


N     CO    ^  NO    Is.  00    O)    ' 


N     »0    ^    t^    0» 


«^^N  ^*^>0  ^^  ^ 

(^V0\0«0««^(1    M    MVO^O    H.^OkO\0^    «<>0 

1    ^S^^W^    »«OkN    W-i     Mioe»>«o«0   «0^ 

MMMMMMMMMMfOtO^ 


Digitized  by 


Google 


APPENDIX. 


499 


Okt^viovtOQOOoSoOOOOO 
S>>0    O    or^io^    O    ^  -^  Si    ^  *n  *n  C    OO 


M    M    n    M 


8. 


3:c:r«;« 


»<^  »K  »^  »S^ 


:st 


MMMMMflMf) 


«   ro   to  »0 


^^    s. 


«     ,« 


.   >0   \0   >0   ^0   ^O 


MM>«MMC«Mc»}ro«<0^v> 


>0   00 


C<|s»«ls,0«OW»000«nO«OOiOQO 

ONmtsOMfifowitvOviiorsOlo 


iNOomioino         ^'^ 

00    I<«.0^<000     ►-    ts»«     « 

ej   to'^io>ooooq   ot^   ^ 

«l  O  Owsmmo  o  lowtino 
«»nowN.ei«nd«eiN.o 
00N.O>owMrj.o«    «    MO 


O   o   ioio»oo   fi    tsrvi<».fO»o»o*o«ofO«o 
«•-•    f^eo    ^I^O    M    M    tsow>ov>o«o>o 

t«*0\000«lvOw»*PO»OtxO«1»ON.»1 

«*>»om\oooooj„*_ 

'    r  T  V  r  V  v 


«o   to   ♦        «M 


^    ♦   ♦   «<l 

'^  «^  fe  2  j;* 
'  •  fo  "^  ♦  •• 


f«(«rtNO>0'<««^OvO«  Q 


N  n   (1  «i  fo 


:r 


8 

I   ^ 

•    c 


Digitized  by 


Google 


500 


APPENDIX. 


S.  A.  E.  Standard  Lock  Washers. 

AUTOMOBILE    HEAVY    (FOR    GENERAL    USE). 

Bolt                                            Lock  Bolt  Lock 

Diameter,                               Washer  Section,  Diameter,  Washer  Section, 

Inches.                                       Inches.  Inches.  Inches^ 

3/16 1/16x1/16  11/16  %xyi 

Va     5/64x5/64  Va  Va^^Va 

s/16  HxH  H  17/64x17/64 

H   Hy^H  1  S/16XS/16 

7/16  11/64x1 1/64  I H  5/16x5/16 

Ji  11/64x11/64  iJ4  HxH 

9/x6  13/64x13/64  iH  HxH 

H  13/64x13/64  iJ4  7/16x7/16 

AUTOMOBILE   LIGHT    (FOR  OPTIONAL  USE   AGAINST    SOFT 
METAL). 

Bolt                                            Lock  Bolt  Lock 

Diameter,                               Washer  Section,  Diameter,  Washer  Section, 

Inches.                                       Inches.  Inches  Inches. 

3/16    1/16x3/64  9/16  13/64x5/32 

J4    5/64x1/16  H  13/64x5/32 

S/16   ^x3/3a  11/16  Jix3/i6 

H    HX3/32  Va  54x3/16 

7/16    11/64XH  Ji  17/64x3/16 

J4    11/64XH  X  S/i6xK 

The  outside  diameters  of  lock  washers  shall  coincide  prac- 
tically with  the  long  diameters  of  S.  A.  E.  standard  nuts,  which 
are  approximately  the  same  as  the  short  diameters  of  U.  S. 
standard  nuts.  The  inside  diameters  of  the  lock  washers  shall 
be  from  one-sixty-fourth  to  one-thirty-second  inch  larger  than 
the  bolt  diameters.  The  lock  washers  shall  be  parallel-faced  sec- 
tions, and  bulging  or  malformed  ends  must  be  avoided. 

Temper  Test. — After  compression  to  flat,  reaction  shall  be 
suflScient  to  indicate  necessary  spring  power,  and  on  a  subse- 
quent compression  to  flat,  the  lock  washer  shall  manifest  no 
appreciable  loss  in  reaction. 

Toughness  Test. — Forty-five  per  cent,  of  the  lock  washer,  in- 
cluding one  end,  shall  be  firmly  secured  in  a  vise,  and  45  per 
cent.,  including  the  other  end,  shall  be  secured  firmly  between 
parallel  jaws  of  a  wrench.  Movement  of  the  wrench  at  right 
angles  to  the  helical  curve  shall  twist  the  lock  washer  through 
45  degrees  without  sign  of  fracture,  and  movement  of  not  more 
than  135  degrees  shall  twist  the  lock  washer  entirely  apart 
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Uiht  Series  of  Radial  Ball  Bearings. 

G)mer 

Radial 

No.oi 

at  Bore  of 

Load 

Bear 

.   — 

■Bore.— 

Diameter. 

.._i 

Width.— 

Inner  Race. 

in 

ing. 

Mm. 

,     Inches. 

Mm. 

Inches. 

Mm. 

Inches. 

Mm. 

Inches. 

Lbs. 

aoo 

10 

0.39370 

30 

1.18110 

9 

0.35433 

0.04 

Z30 

aox 

12 

0.47*44 

32 

1.25984 

10 

0.39370 

0.04 

140 

202 

IS 

0.59055 

35 

1.37795 

II 

0.43307 

0.04 

160 

203 

17 

0.66929 

40 

1.57481 

12 

0.47244 

0.04 

250 

204 

20 

0.78740 

47 

1.85040 

14 

0.55118 

0.04 

320 

20s 

25 

0.98425 

52 

2.04725 

15 

0.59055 

0.04 

350 

206 

30 

1.18110 

62 

2.44095 

x6 

0.62992 

0.04 

550 

207 

35 

1-37795 

72 

2.83465 

17 

0.66929 

0.04 

600 

208 

40 

1 . 57481 

80 

3.14963 

18 

0.70866 

0.08 

860 

209 

45 

X. 77166 

85 

3  34647 

19 

0.74803 

0.08 

950 

210 

SO 

X. 96851 

90 

3.54332 

30 

0.78740 

0.08 

1000 

211 

55 

2.16536 

100 

3.93702 

21 

0.82677 

0.08 

1160 

212 

60 

3.36221 

no 

4  33072 

32 

0.86614 

0.08 

1550 

213 

65 

3.55906 

120 

4.72443 

23 

0.90551 

0.08 

1670 

214 

70 

a-7559i 

125 

4.92128 

24 

0.94488 

0.08 

Z820 

ai5 

75 

3.95277 

130 

5.11813 

25 

0.98425 

0.08 

3130 

216 

80 

3.X4962 

140 

5.51183 

26 

1.02362 

0.12 

2650 

217 

8S 

3.34647 

150 

5.90554 

28 

I .10236 

O.X3 

3850 

218 

90 

3.54332 

160 

6.29924 

30 

1.18110 

0.X2 

3400 

219 

95 

3.74017 

170 

6.69294 

32 

1.25984 

0.13 

3750 

220 

100 

3.93702 

180 

7.08664 

34 

X. 33858 

3 

0.12 

3950 

221 

105 

4.13387 

190 

7.48035 

36 

I. 41732 

3 

0.13 

4600 

222 

110 

4.33072 

200 

7.87405 

38 

1.49607 

3 

0.12 

5000 

Heavy  Series  of  Radial  Ball  Bearings. 

Corner 

RadUl 

No.  of 

at  Bore  of 

Load 

Bear- 

— 

Bore- 

Diameter. 

—Width.— 

Inner  Race. 

in 

ing. 

Mm. 

Inches. 

Mm. 

Inches. 

Mm. 

Inches. 

Mm. 

Inches. 

Lbs. 

403 

17 

0.66929 

62 

a. 44095 

17 

0.66929 

I 

0.04 

850 

404 

30 

0.78740 

72 

2.8346s 

19 

0.74803 

2 

0.08 

1050 

405 

as 

0.98435 

80 

3.14962 

21 

0.82677 

3 

0.08 

X320 

406 

30 

1.18110 

90 

3-54332 

23 

0.90551 

2 

0.08 

x6oo 

407 

35 

1-37799 

100 

3-93702 

25 

0.9842s 

2 

0.08 

1900 

408 

40 

1.57481 

110 

4-33072 

27 

1.06299 

2 

0.08 

2200 

409 

45 

I. 77166 

120 

4  72443 

29 

1- 14173 

2 

0.08 

2500 

410 

50 

1.96851 

130 

5.11813 

31 

1.22047 

2 

0.08 

3400 

411 

55 

2.16536 

140 

5.51183 

33 

1. 2992 1 

3 

0.12 

3900 

412 

60 

2.36221 

150 

5.90554 

35 

1.37795 

3 

0.12 

4400 

413 

65 

2.55906 

160 

6.29924 

37 

1.45669 

3 

0.12 

4900 

4x4 

70 

a. 75591 

180 

7.08664* 

42 

1.65355 

3 

0.12 

6200 

415 

75 

2.95277 

190 

7.48035 

45 

I. 77166 

3 

0.X3 

6600 

416 

80 

3.14962 

200 

7.87405 

48 

1.88977 

3 

0.X2 

7300 

417 

85 

3.34647 

210 

8.26775 

52 

2.04725 

3 

0.12 

8580 

418 

90 

3.54332 

225 

8.85830 

54 

2.12599 

3 

0.13 

xoooo 

419 

95 

3.74017 

250 

9.84256 

55 

2.16536 

3 

0.12 

xx88o 

420 

100 

3.93702 

265 

10.43311 

60 

2.36221 

3 

0.12 

14,000 
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Medium  Series  of  Radial  Ball  Bearings. 

Comer        Radial 
No.  of  at  Bore  of        Load 

Bear-     — Bore.—-  Diameter.  —Width. —        Inner  Race.         in 


ing. 

Mm. 

Inches. 

Mm. 

Inches. 

Mm 

Inchea. 

Mm. 

Inches. 

Lbs. 

300 

10 

0.39370 

35 

1.37795 

XX 

0.43307 

0.04 

200 

30X 

XJ 

0.47244 

37 

1.45669 

X2 

0.47244 

0.04 

240 

30a 

15 

0.59055 

42 

1.65355 

13 

0.5XX8X 

0.04 

280 

303 

17 

0.66939 

47 

x. 85040 

14 

o.5S"8 

0.04 

370 

304 

20 

0.78740 

5a 

2.0472s 

15 

0.59055 

0.04 

440 

30s 

2S 

0.98425 

62 

2.44095 

17 

0.66929 

0.04 

620 

306 

30 

i.xSxxo 

72 

2.83465 

»9 

0.74803 

0.08 

860 

307 

35 

1.37795 

80 

3.14962 

21 

0.82677 

0.08 

XXOO 

308 

40 

1.57481 

90 

3.5433a 

23 

0.90551 

0.08 

X450 

309 

45 

X. 77166 

100 

3.93702 

25 

0.98425 

0.08 

X750 

310 

50 

X. 96851 

xxo 

4.33072 

27 

1.06299 

0.08 

2x00 

311 

55 

2.16536 

120 

4.72443 

»9 

1.14173 

0.08 

2400 

312 

60 

a. 36221 

130 

5.11813 

31 

1.22047 

0.08 

2800 

313 

65 

a. 55906 

140 

5.51183 

33 

I. 2992 X 

0.X2 

3300 

314 

70 

2.75591 

150 

5.90554 

35 

1.37795 

0.X2 

4000 

315 

75 

2.95277 

160 

6.29924 

37 

1.45669 

0.X2 

4400 

316 

80 

3.X4962 

170 

6.69294 

39 

1.53544 

0.X2 

5000 

317 

85 

3.34647 

x8o 

7.08664 

41 

X. 6x418 

0.X2 

5700 

318 

90 

3.54332 

190 

7.48035 

43 

X. 69292 

0.12 

6400 

319 

95 

3.74017 

200 

7.87405 

45 

1.77166 

0.12 

7000 

320 

100 

3.93702 

215 

8.46460 

47 

X. 85040 

0.12 

7700 

321 

105 

4.13387 

225 

8.85830 

49 

1.92914 

0.X2 

8400 

322 

no 

4.33072 

240 

9.44886 

50 

X. 9685 1 

0.X2 

xoooo 

S.  A.  E.  Tolerances  for  Radial  Ball  Bearings. 

Outer  Race  Diameter.      Bore. ^Width. 

Plus     Minus  Total      Plus    Minus    Total      Plus  Minus  Total 


Bearing 

Lim- 

Lim- 

Um- 

Lim- 

Lim- 

Lim- 

Lim- 

Urn- 

Lim- 

Numbers. 

its.. 

its. 

its. 

its. 

its. 

its. 

its. 

its. 

its. 

200  to  204 

0 

.0006 

.0006 

.0002 

.0004 

.0006 

0 

.002 

.002 

300  to  303 

0 

.0006 

.0006 

.0002 

.0004 

.0006 

0 

.002 

.002 

205  to  215 

0 

.0008 

.0008 

.0002 

.0004 

.0006 

0 

.002 

.002 

304  to  316 

0 

.0008 

.0008 

.0002 

.0004 

.0006 

0 

.002 

.002 

403  to  4x1 

0 

.0008 

.0008 

.0002 

.0004 

.0006 

0 

.002 

.002 

217  to  222 

0 

.00x2 

.00x2 

.0002 

.0004 

.0006 

0 

.002 

.002 

314  to  319 

0 

.0012 

.0012 

.0002 

.0004 

.0006 

c 

.002 

.002 

412  to  416 

0 

.0012 

.00x2 

.0002 

.0004 

.0006 

0 

.002 

.002 
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S.  A.  E.  Standard  Wheel  Dimensions  for  Solid 

Tires. 

DEMOUNTABLE    AND  NON-DEMOUNTABLE   RIMS. 
Single  Tires. 
Width  of  felloe  and  band,  f^  inch  less  than  sectional  size  of  tire.   Thickness 
of  steel  band,  %  inch  up  to  4^4  inch  tire;  }i  inch  on  4^  inch  and  larger 
tires. 

Dual  Tires. 
Width  of  felloe  and  band,  twice  the  sectional  size  of  tire.     Thickness  of 
steel  band,  f^  inch  for  all  sizes  of  tire. 

Single  and  Dual  Tires. 

Inches.  Inches.  Inches.  Inches.  Inches. 

Sectional  size  of  tire 2  2yi         3  3H         4 

Minimum    felloe   thickness iH         i^i         i^         lyi         i^ 

Sectional  size  of  tire 45^         5  5>4         6        6^  and  ever 

Minimum    felloe    thickness i}i         2  2  2  2}i 

WHEEL   DIAMETEIJ    OVER    STEEL   BAND. 
Single  and  Dual  Tires. 

Inches.       Inches.          Inches.  Inches^ 

Nominal  outer  diam.  of  tires....   30               32                34  36 

Wheel  diam.  over  steel  band ....  24               26                28  30 
Exact    circumference    over    steel 

band;  neglecting  tolerance ... .   7525/64     8111/16    8731/32  94^ 

Inches.                     Inches.  Inches. 

Nominal  outer  diam.  of  tires. ...   38                              40  42 

Wheel  diam.  over  steel  band....   32                             34  36 
Exact    circumference    over    steel 

band ;  neglecting  tolerance 1 00  1 7/32                1 06  13/16  113  z/32 

Allowable  Deviation  from  Precision  in  Felloe  Bands. 

Plus  Minus 

Inches.  Inches. 

Tolerance  in  circumference  of  band  before  application..   1/32  x/32 

Tolerance  in  circumference  of  band  after  application....   1/16  z/32 

Tolerance  of  thickness  of  band 0.006  0.006 

Tolerance  in  radius  of  band  after  application 1/16  i/z6 

Tolerance  in  width   of   felloe  band — 

Up  to  and  including  4  inches 1/32  x/32 

4  1/16  to  6  inches 3/64  3/64 

61/16  to  12  inches 1/16  1/16 

Variation  in  trueness  of  band  when  placed  on  surface  plate — 

Band  shall  touch  at  all  points  within  1/32  inch  up  to  and  including  6 
inch  width.     Over  6  inch  width  within  1/16  inch. 

MEASURING  CIRCUMFERENCE  OF  BAND. 

In  measuring  circumference  of  band,  if  there  is  not  an  allow- 
ance on  the  tapeline  itself,  a  correction  amounting  to  three  times 
the  thickness  of  the  tapeline  should  be  made. 

Note. — All  of  the  foregoing  summary,  so  far  as  pertinent,  ap- 
plies to  metal  wheels. 
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BOLT   EQUIPMENT   FOR    SIDE    FLANGES. 
All  Bolts  to  Be  ^  Inch  Diameter, 


Outside  Diameter 

Bolt  Diameter 
Tire  Hole  Circle. 


26. 
a8. 
30., 
33. 
34. 
36. 
38. 
40. 


18^ 
i4H 
3oj4 


Number 

of  Bolts. 

6,  9  or  18 

do. 

do. 

12  or  24 
do. 
do. 

15  or  30 
do. 


8, 


10, 


Outside  Diameter 
Bolt  Diameter 

Tire  Hole  Circle. 

42 3454 

44 3654 

46 38^ 

48 40}4 

50 4254 

Sa 4454 

54 46>4 


Number 

of  Bolts. 

10,  15  or  30 

la,  18  or  36 

do. 

do. 

Z4,  31  or  42 

do. 

do. 


Dimensions  of  Wrought  Iron  Pipes. 

Nominal                                            Actual  Inside  Actual  Outside  No. 

Diameter,                                              Diameter,  Diameter,  of  Threads 

Inches.                                                  Inches.  Inches.  Per  Inch. 

H    0.27  0.405  27 

54     0.364  0.54  18 

H    0.494  0.675  18 

}i   0.623  0.84  14 

H     0.824  1.05  14 

X    1.048  1.31S  iij4 

iH    1.38  1.66  iij4 

i^    x.6x  1.90  xxH 

2    1.067  2.375  xxj4 

254    2.468  2.875  8 

3   3.067  3.5  8 


Moments  of  Inertia  and  Section  Moduli  of  the 
Most  Common  Sections. 
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Accelerator  Pedmls 400 

Alco  Drop  Forged  Axle «*9 

Axle    Hottsinga ••...  ax4 

Axle  Tube  Bending  Moments mi 

Axle   Tubes «« 

Axle  Tubes.  Methods  of  Fitting ax? 

Axle  Tubes,  Stresses  in 219 

Axle  Weight  Formula 3X3 

Axles,    Dead 9 

Axles,    Uve 9 

Band  Qutch 5* 

Band  Qutch,  Sample  Calculation  of 59 

Band  Qtuch,  EflFect  of  Centrifugal  Force  on 60 

Band  Qutch,  Theory  of 5^ 

Bevel  Gear  Bearing  Loads 93 

Bevel  Gear  Efficiency a6o 

Bevel  Gear  Pinion  Bearings,  Mounting  of 333 

Bevel    Gears •' *03 

Bevel  Gears,  Grinding  in *^3 

Bevel  Pinion  Blanks,  Turning  Up *^4 

Bowden  Wire  Mechanism 396 

Brake   Adjustment 3^7 

Brake  Dimensions,  Determination  of 3x3 

Brake  Drums 3*3 

Brake  Drums,  Securing 4*0 

Brake    Equalizers 3^8 

Brake  Expanding  Mechanism 3*3 

Brake  Facing  Materials 3^5 

Brake  Members,  Stresses  in 3x9 

Brake  Releasing  Means 3x6 

Brake  Rod  Adjustment 4ax 

Brake  Rod,  Adjustment  of 33© 

Brake  Shoes,  Air  Cooled 3x8 

Brakes,  Calculation  of  Band 3»o 

Brakes,    Contracting 3x4 

Brakes,  Details  of  Expanding 3*5 

Brakes.   Front  Wheel 333 

Brakes,  Location  of 3xo 

Brakes,  Number  of 309 

Brakes,  Service  and  Emergency 3xa 

Brakes,  Tn>e»  of 309 

Braking  Power,  Oilculation  of 3xa 
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Chain  Adjusting  Rods 297 

Chain  and  Sprocket  Calculations ^93 

Chain    Cases 304 

Chain   Drive ^9^ 

Chain  Pull »95 

Chain,    Construction  of ^9' 

Chamfering  Sliding  Gears '09 

Change  Gear  Bearing  Mounting ^ '^^ 

Change  Gear  Bearing  Pressures 8^ 

Change  Gear  Bearing  Sizes 9<5 

Change  Gear  Calculation  Example 80 

Change  Gear  Intermediate  Bearings 9^ 

Change  Gear  Layouts 7^ 

Change  Gear  Shaft  Dimensions 99 

Change  Gear,  History  of ^9 

Change  Gear,  Positive  Clutch  Type "2 

Change  Gear,   Running  in  of i »9 

Change  Gear,  Silent  Chain  Type 123 

Change  Gears,   Allowable   Stress   in 78 

Change  Gears,   Manufacture  of 107 

Change  Speed  Gear,  Purpose  of 7 

Qutch  and  Brake,   Interconnection   of 407 

Clutch    Brakes » 30 

Clutch  Connection  to  Change  Gear 66 

Clutch   Disc  Lubrication 48 

Clutch  End    Thrust 68 

Qutch  Shaft  Dimensions 65 

Clutch  Shifting    Collar a8 

Qutch  Spring  Inside  Shaft 47 

Qutch    Springs 27 

Clutches,    Classification   of 12 

Cone,  Angle    of 14 

Cone  Clutch    Calculation 14 

Con?  Clutch  Calculation   Chart 19 

Cone  Clutch    Centre 24 

Cone  Clutch    Engagement    Springs 22 

Cone  Clutch,  Constructional   Details  of 20 

Cone  Clutch  Leather,  Pattern  for 21 

Cone  Clutch  Thrust  Bearing 25 

Cone  Clutch,  Multiple  Spring  Type 23 

Cone  Clutch,  Pressed    Steel 27 

Cone  Clutch    Types 13 

Cone  Clutches,  Unit  Normal  Pressure  in 16 

Cone    Diameter 16 

Control    Centre 410,  418 

Control    Joints 399 

Control,  Left  Hand 410 

Control  Lever  on   Steering  Post 397 

Control    Iwcvcrs 411 

Control   Ratchet 391 

Control,  Single   Pedal 408 

Control,    Selective 414 

Control,  Spark   and   Throttle 391 
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DilTerential    Bearings 238 

Differential  Gear,  Action  of 180 

Differential  Gear,  Calculation  of  Bevel  Type 181 

Differential  Gear,  Spur  Type 187 

Differential  Gear   Parts,    Machining 189 

Differential  Gear,   Purpose  of 6 

Differential    Lock 191 

Direct  Drice  Dutch loi 

Disc  Clutch   Calculating   Chart 41 

Disc  Clutch   Constructional   Details 43 

Disc  Clutch    Data 38 

Disc  Clutch  Inner  Drum 44 

Disc  Clutch    Materials 38 

Disc  Clutch    Presser 45 

Disc  Clutch    Types 33 

Disc  Clutch,   Calculation  of 35 

Disc  Separating  Means 42 

Drive,   Double    Reduction 8 

Drive,  Single  Reduction 8 

Drop  Forged  Rear  Axle 229 

Elliott  Type  Steering  Head 341 

Expanding    Clutch *. 62 

Fender    Brackets 443 

Fiat  Pressed  Steel  Axle 227 

Fluted  Shafts,  Tests  of 211 

Ford  Planetary  Gear 138 

Ford  Pressed  Steel  Axle 227 

Four  Wheel  Drive 5 

Frame  Cross   Members , 431 

Frame    In-sweep 425 

Frame    Joints 43a 

Frame    Materials 422 

Frame  Rail    Calculation 426 

Frame  Rails,  Bending  Moments  on 428 

Frame    Sections 4J3 

Frame  Sections,  Section  Moduli  of 429 

Frame  Steel   Gauge 423 

Frame   Trusses 435 

Frames,    Drop 425 

Frames,  Heat  Treated   Carbon   Steel 423 

Frames,  Purpose   of 10 

Frames,    Underslung 433 

Frames,  Wood  Sill 434 

Friction  Clutch,  Purpose  of 7 

Friction  Disc  and  Wheel,  Dimensions  of 153 

Friction  Disc  Drive,  Thrusts  and  Reactions  in 158 

Friction  Drive,    Efficiency 151 

Friction  Drive,  Types  of 147 

Friction  Drive  Materials 150 

Friction  Lever  Control 3^3 

Friction  Wheel  and  Disc,  Engaging  Means  for 156 

Friction  Wheel  Applying  Mechanism 157 

Friction  Wheel  Sliding  Mechanism 155 


Google 
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Friction,  Laws  of 38 

Friction,  Coefficients    of >S 

Front  Axle  Section    Diagram 339 

Front  Axles,  I  Section 338 

Front  Axles,  Manufacture  of 358 

Front  Axles,  Stresses  on 33^ 

Front  Axles,  Tubular  and  Pressed  Steel 3S8 

Front  Axles,   Weight   on 337 

Front  Mounted    Flywheel i99 

Front  Wheel    Bearings 347 

Front  Wheel   Bearings,  Mounting  of 349 

Front  Wheel    Drive 5 

Front  Wheel^Thrust  Loads 348 

Gear  Box    Lubrication 119 

Gear  Calculation  for  Strength 77 

Gear    Carrier 227 

Gear   Cases iiS 

Gear   Material 72 

Gear  Reduction    Ratios 75 

Gear  Supporting    Methods 118 

Gear  Teeth,  Form  of 7^ 

Gear  Tester no 

Geared-up  Fourth   Speed x  14 

Governor  Control   Linkage 403 

Hele-Shaw   Clutch 46 

Hub    Caps 481 

Jackshaft    308 

La  Buire  Arched  Axle 331 

Lamp   Brackets 445 

Lemoine  Type  Steering .  Head 344 

Levassor   Sliding  Gear 70 

Locking  Device,  Ball  Wedge 393 

Maybach's  Selective  Gear 71 

Midland  Three  Point  Support 197 

Motor,   Location   of 3 

Panhard    Brake 3^6 

Pedal   Pads 406 

Pedals    403 

Pedals,    Adjustable • 405 

Pedal  Shaft  Assembly 410 

Peerless  Arched  Axle 330 

Pitch   Line  Velocity 78 

Planetaries,  Calculation  of  All  Spur  Type 141 

Planetary,  All   Spur  Type 13a 

Planetary,  Assembly  of  All  Spur  Type 136 

Planetary,  Assembly  of  Internal  Gear  Type 134 

Planetary,  Internal  Gear  Type 125 

Planetary  Gear,   Calculation  of  Speed  Ratios 126 

Planetary  Gear    Efficiency 145 

Planetary  Gears,   Bearing  Pressures  in 138 

Planetary  Gears,  Brakes  for 143 

Planetary  Gears,  Constructional  Details  of 143 

Planetary  Gears,  Gear  Stresses  in 138 


Digitized  by  VjOOQ IC 


INDEX.  611 

Pagb. 

Planetary  Pinions,  Required  Number  of  Teeth  in 130 

Plate  Clutch,   Dry 48 

Plate  Clutch.    Three 50 

Power  Plant,  Spring  Suspension  of 3 

Pressed  Steel  Rear  Axles 225 

Quadrants     417 

Quadrant  Designs,  Standard  S.  A.  E 416 

Radiator    Brackets 440 

Radius  Rods,  Calculation  of 300 

Reach  Bar  or  Perch 10 

Rear  Axle  Bearing  Adjustment 239 

Rear  Axle  Bearing  Pressure 233 

Rear  Axle  Bearing  Housings 218 

Rear  Axle  Bearings 231 

Rear  Axle    Braces 259 

Rear  Axle    Thrust 247 

Rear  Axle  Thrust  Bearings 245 

Rear  Axle   Torsion 247 

Rear  Axle   Truss 246 

Rear  Axles,    Arched 229 

Rear  Axles,    Dead 306 

Rear  Axles,   Manufacture  of 261 

Rear  Axles,  Types  of 204 

Rear  Wheel    Drive 5 

Rebound    Clips 467 

Reverse  Gear  Arrangement 100 

Reverse   Lock-out : 420 

Reversed  Elliott  Type  Steering  Head 342 

Roller  Chains,  Capacity  of 292 

Rudge-Whitworth  Wire  Wheel 485 

Schwarz  Interlocking  Spokes 481 

Seitz   Friction    Drive 148 

Semi-Floating  Axles,  Calculation  of  Shafts  for 213 

Shaft  Diameters,   Calculation  of 210 

Shaft   Joints 210 

Shaft   Materials 209 

Slider    Forks 1 1 , 

Sliding  Gear    Efficiency 119 

Sliding  G^ar  Locking  Dogs » ^ i la 

Sliding  Gear  Shaft  Front  Bearing 102 

Sliding  Gear    Shaft 104 

Sliding  Gears,  Proportions  of 106 

Slip    Joints lyj 

Spoke    Dimensions 478 

Spokes,  Number   of 477 

Spokes,  Proportions    of 477 

Sprags    .....!'..!   335 

Spring  Arch -  463 

Spring    Bolts ^gg 

Spring    Brackets ^^5 

Spring  Calculation,     Sample ^5, 

Spring  Centre    Bands ^5^ 

Spring  Centre    Bolts ]  ^g^ 
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Spring    Clips. 


464 


Spring   Eyes *2 

Spring  Leaf    Points -♦» 

Spring  Leaves,  Alignment  of 468 

Spring  Leaves,    Reverse 4^7 

Spring  Lengths  and  Widths,  Table  of 455 

Spring    Lips ♦^ 

Spring   Lubrication '*73 

Spring   Material 45© 

Spring    Perches ^^ 

Spring  Plates,  Number  and  Thickness  of 460 

Spring  Play  on  Bevel  Gear  Drive,  Effect  of «5« 

Spring  Play  on  Chain  Drive,  Effect  of 30« 

Spring  Pressure  Blocks 4^6 

Spring  Shackles 468 

Spring  Steel  Gauge 457 

Springs,  Auxiliary 47* 

Springs,    Cantilever 47* 

Springs,   Eccentrated 459 

Springs,  Flexibility  of 457 

Springs,   Inclined 47© 

Springs,  Theory  of  Leaf 45« 

Springs,  Torsion  and  Thrust  on 47* 

Springs,  Total  Deflection  Constants  of 45® 

Springs,  Types  of •' 447 

Sprocket  Wheels,  Design  of »94 

Sprockets,  Overhanging »96 

Starting  Crank  Bracket 444 

Steering  Angles,  Chart  of 368 

Steering  Arm 38a 

Steering  Column 388 

Steering  Column,  Adjustable 389 

Steering  Connectors 383 

Steering  Drag  Link 383 

Steering,  Four  Wheel 5 

Steering,    Front 4 

Steering,    Rear 4 

Steering  Gear  Bearings 374 

Steering  Gear,  Calculation  of  Worm  and  Wheel 370 

Steering  Gear  Cases 376 

Steering  Gear,  History  of 361 

Steering  Gear,   Support  of 381 

Steering  Gears,  Double  Screw  Adjustable 379 

Steering  Gears,  General  Arrangement  of 368 

Steering  Gears,  Reversible  and  Non-Reversible 360 

Steering  Gears,  Screw  and  Nut  Type 378 

Steering  Heads 340 

Steering  Knuckle  Arms 353 

Steering  Mechanism,  Bevel  Gear 380 

Steering  Mechanism,   Theory  of 361 

Steering  Pivot  Bearings,  Calculation  of 344 

Steering  Pivot,  Inclined 345 

Steering  Problem,  Analytic  Solution  of 365 
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Steering  Problem,  Graphical  Solution  of 3^^ 

Steering  Shaft 374 

Steering  Spindle   Diameter 35^ 

Steering  Stops 352 

Steering  Spindle  "Set" 35i 

Steering  Tie  Rod 355 

Steering  Tic  Rod  Connectors 357 

Steering  Wheel 385 

Step  Hangers 444 

Straight  Line  Drive 20a 

Stub  Tooth 17 

Sub  Frames 43« 

Swiveled  Gear  Box «oi 

Three  Point  Support 19S 

Throttle    linkage 401 

Timken  Brake 3^7 

Timken  Pressed  Steel  Axle 327 

Torque  Rod  Supports S58 

Torque  Rods 256 

Torque  Tubes 348 

Torque  Tube  Supports 350 

Trailer  Steering  Axle 346 

Transmission   Axles 199 

Transmission  Brakes 3x7 

Tread    10 

Truck  Bumpers 442 

Unit  Power  Plants 193 

Uniyersal  Joint,  Anti-friction  Bearing 176 

Universal  Joint,  Calculation  of  Block  and  Trunnion  Type 173 

Universal  Joint,  Calculation  of  Forked  Type 169 

Universal  Joint,  Dust  Protection  of 174 

Universal  Joint,  Lubrication  of 1 74 

Universal  Joint  Sheet  Metal  Housing 1 75 

Universal  Joint,  Square  Block  Type 168 

Universal  Joints,  Constructional  Details  of 179 

Universal  Joints,  Miscellaneous  Types  of 1 77 

Universal  Joints,  Proper  Angular  Relation  of  Double 168 

Universal  Joints,  Speed  Fluctuations  in 163 

Universal  Joints,  Types  of 160 

Weights  of  Commercial  Cars 337 

Wheel   Base 10 

Wheel  Bearings 240 

Wheel  Bearings,  Mounting  of 242 

Worm  Gear  Formule,  Application  of 274 

Worm  Gear,  Hindley  Type 279 

Worm  Gear  Housings 283 

Worm  Gear  Load  Capacity,  Calculation  of 271 

Worm  Gear   Material 276 

•Worm  Gear  Radial  Bearing  Loads 273 

Worm  Gear  Thrust  Bearing  Loads 373 

Worm  Gearing,  Theory  of 268 

Worm  Gears,  General  Proportions  of 273 

Worm,  Mounting  of 282 
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Worm  Top  Mounted  and  Bottom  Mounted a8i 

Worms,  Hardening  and  Polishing  of 277 

Wheel    Diameters 474 

Wheel   Hubs 479 

Wheel  MaterUl,  Wood 474 

Wheels,   Artillery 474 

Wheels.  Wire 483 

Wheels,  Gist   Steel 486 

Wheels,  Manufacture  of 483 

Wheels,  dumber    of 4 

Worm  Driven  Axle  Design 2^7 

Worm  Drive,  Advantages  of 267 

Worm  Drive,  History  of 267 

Worm  Driven  Axle  Tube  Dimensions,  Calculation  of 285 

Worm  Gear  Efficiency « J69 

Worm  Gear  Efficiency  Tests S89 


On  the  following  pages  are  shown 
photographic  views  of  a  number 
of     modern     pleasure     car     chassis. 
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